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HUMAN DICKKOPF-RELATED PROTEIN AND NUCLEIC ACID 
MOLECULES AND USES THEREFOR 

Background ofihelnvtnaoij 

cootac,. Such secreted s ,„„,, ^ Ce " S Wl, «* « "°t in diree. 

'0 ft. differeooared „. of ad*, ossoes F * " " " * """"^ ° f 

neighbor ce„ ,a yOT and T^' ~" S *" — 

developmental fate of a second „ P°Pulat,on mfluence the 

- --..po^^rr:er::;T yby ^ 8ftef " Kof - 

major families „f devetopn,^,, """^ ™ n<W « <>"* of ft. 

The Wo, ge„e ^ encod 
0 homologue, (Cadigao „„ (mn _ , ( Wg >' " a™***"" Wml 

Mdoey mo„,hoge„esis sex dere ■ * CrcS ' diff -=™«ion, 

Cadiga, are, Nusse, W . ' ' G ™"» 4 «"* «23-52 8: 

*W Wo.s^sare^ced SSJm^ - 

-u ll i„ 8s i gM „eads,oU,c Mva L of l 382,225-230). The 

°°" ° f ^ CJ "° P,aSmi ' P~* ^evened (Dsn) aod 
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regulator of the Wm™.*,, . , . ' 76.781-784). Negative 

"^WMpMhwaymclude glycogen svnlhase kta , GSK ,. ; . 

<«xo-^(,«,c„. 7 . R ™ U "• d —— 

5 (Zeng„o,. <„,7> C e„ 90:18,-192) . 

iy^. In the absence of a Wntlio an rf a— 
Promote ph „ spnoo ,, ali()nandlhen «»■■*•-.,«-. 

inactivates OSK3 * u , ■ P """^ Wn ' ^""8 

--^-e^rrciriTr"^ 0 "^" 

10 »— » - 1- » careinogenesis (reviewed T* Dere8U ' a "°" ° f 

'o-S-recogni.d cordon betvvee wT^ITT ^ emPl,aSia '" 8 " 
connection hat, been fcfc, eslab]ished ' 7"" deVe "*"" em - — This 

u/ui L v™«af. (1998) Science 281:1509-3512^ 

Wn, inhibi,,,, irapIlclle , "* Th « ■** Cerbetns, a secreted 

20 OU 94:2859-2863) all 1™ * " ( '" 7) *"* *« * 

encoded by severe d T ! CSAR3V), ate 

- c.,,81747-7^ ^ :x ;;; 8 : 7 ^ - 

25 MechDev 63 109 325- c r 88:747-756; Mayretn/ (1997) 

Pr ° temS *• ,„ induce a second^ axis in ft! ! 

"view see Zom (1997) Curr Biol 7 R501 5nat a 8 emb °" >S ff ° r 

of Wn, ,iga„ ds te b pLed re™l 7 " ^ " ' ** *— 

(Wangco, (,997)»^ n " ° f ^ *> »— 

< ) ' 8 ' < '* mi, " > '' / o' J ^ Co mm . 2361502-504- a „d, 
30 W and Wg concrete ,his nonon (^ „ o/ „ ^ ^ ^ " * 
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11 is now recognized th 
Represent invention * 

Acco^ " „ " W» in regu ,i "* «'-«*• of 

to one embodiment a Dkk So ^encodiW nilcJ . 

25 nucleotirf* Dkk n "cleic ar.H , g nucJe *c acids 

DNA '^-^P^o^^O,, OTthe 
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. _ 4 -~ "WUO/054S 

CCKSi0 "N"»ber 98633 or. ' 

In ^er prefeiTed ,enCCaho *»inSEQn> 
""cleotide sequ ence h ^^nt, a„ isoi 

f « another nrefi. ^ * e nuc <eotide sen, ° emt >°dJinent, an 

iso, «edDfc,c nilr , • 5360fS ^QlDN0-7 r m ° ,ecuie ^her 

' CeSh0Wni «S E Q JDN0;7 
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Pm k„,r ~ * com P'ement thereof. In another 

embodiment, a Dkk nucleic acid molecule fWh« • 

ID NO?n i , fimhcr com Pnses nucleotides 1-723 of SEO 

N °- 20 - In 3* ^er preferred embodiment a Dkk n„,l ■ m 
5 comprisesnucleotides 1501-3687 of SEQ ID NO-20 T mo, ecule further 

e^odiment, an isolated Dkk „ ucleic a * ^ * * ^ ~ 
in SEQ ID NO.-20. nUC,e0tide Se « uence sh °™ 

In another preferred embodiment, an isolated nucleic acid molecule of the 
present invention (e s a Dklr r^i*. ^ , • molecule of the 

■0 She,™ SEQ ,D NO,; °T T ""'^ ^ ™° ~ 

V iu jnu. 1 5, or a complement thereof. In another , ml v,^ 

'5 " ,M '" herm "^-.»D kk ^ teicacidmo , Kll|einc 
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amino acid sequence of SEQ ID NO- 14) 

molecule of the pres e minve ,• «*»«■»«, an isolated nucleic ..id 

-.uencn and a ^ C T * ^ ProBi " ^ *** ' 

a a cysteine-nch region, wherein the cysteine rich « ■ 

mv e „Uo„ encodes a Dlck. retee dp roKin( „ , * U,epreSem 

"-nee. lachs c y steme-Hch domains, TT" ^ " ^ 

(«■». a Soggy protein) which includes a siena. , Dkk-related protein 

encoding „„„. Dkkom „. , " m ° lmi,es rela "« >» nucleic acid molecules 

nucletcacid molecule consisting of nucleotides 470 2470 „f , •., 
^uence shown ta SEQ ID NO: I, to „ ucleolidra M „ * 
25 SEQ ID NO:4, „, ,„ mkaUts , 0f ""el~t.de sequence shown in 

-^^^gen,^r;:~r TOswtasEQiDNo:7 ' 

sequence of the DNAin^rtnf ^ ■ ' nucleotide 

uieuiNA insert of the plasmid deposited with ATrr » a 

98633, or to the nucleotide sequence of the DNA ■ , " ^ 

30 ATCCasAccession^e^. J ^ ^ ^ 
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onto**** „ fc J\" W •«* n ^ 

Another aspect of th • ^ free frn m vector ^ 

in , ^pectof the invention nmvw seqeunces. 

- r n ^rr ta ^--^sr ,,,,, -*-^-»- 

kk " relattd « Pmduced. P ^ S '°" VKtor ** «W = DU p rotein 

A"»1>ar aspect of u.is,,, 

Pm-em has a. amino acid s^ e mt odia,e„,, a » 

«/5/„ homologous to the arnin^ in 1,33 an amino acid sequence 

P-ferred embodiment, a Dldcprot \ ^ ID m . g . 
30 *omoj ogoustothefl P ° teinhas 30 ^'no acid sequence m ^ 

gous to the ammo acid sequence of SFn m * ,easf abo « 65% 
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NO:8,orSEQlDNO:21. In another prefeired em h * 

sequence of SEQ ID NO-,4 l„ ,„ ,u . homologous to the amino add 

sequence of SEQ ,D NOtK ^ ' ^ *" *• — ■* 

Another embodiment of th- • complement thereof. 

'0 to a „„ cl eo, ide sequence D ~« "«~ - about W 

nucleic acid molecule havi „ , ^ Pr0Km **»<* " encoded by a 

nucleotide sequence of SEQ ID NO 7 sei,uence al 'east aboul 60% homologous to a 
of -he invention features sJL^T C0, " P ' ema " 

sequence of SEQ ID NO-7 or*, , homologous to a nucleotide 

V uinu. 7, or a complement thereof. Another emlwr 
invention features an isolated ntlc- ♦ • embodiment of the 

"«EQ,DNO :2 0,„ racomptemen lfc re J A ^ toa " UC,e0,idCSe,Ue "" 

20 ^------chiaor^rCd^r^ 0 " 

nucleotide 3eq„e» M „ Ieast ,„„„, 9Q% """^ «" ">°'<*»<e having , 

^•^hyan^ri^r^^^^-- 
hybridizeaunderatrin.enthvh "k^'" 8 a " ud «""" sequence which 

* -prising dte nlo^ " C °" di ' i0nS " 3 -** - —* 

f g me nucleotide sequence of SEQ ID NO l SFOinxr^. 

SEQlDNO:13,SEQlDNO-20ora, , ^ NO:4, SEQ ID NO:7, 

v "inu.ju, or a complement thereof 

Nonprotein, Ute invention fil " ' """"^^ '» 
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ProteinsorbioiogicaJjyacf 

" ".other MpKt , ft epre 'T^ '" a " , >' -W*. ca^ 

"■olog.oa/sap.p,,. ^""*'^*ia detected fa,* 

In anofter aspect the™. 
'° I~w-.of.ni* J ■ """ Ve " ,i<, "I'«'v..l eS a m<!Ih()rff „ 

another asDecf th« • 

"Dkkacv,,,,^^ *''" OTCe »^tae„,, th e agen| 

<ha, specif bjnds *» h one fc 

embodiment, the agent modulates expression f^ '^ Protein " ' n another 
'-«oo. ln y „ MOIherem ^-^ationo,,^^ 

In one embodiment 

" a Preferred ^bodiment, the 
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regulation „f gen , ^ . ffi . . " 8 Dkk ° r Dkk - re '«* P«>.ein; (ii) mis . 

Dkk or Dkk , elated activ ,, y ** *™ " - •- . protein with , 

In another aspec, u, einventi 
'0 binds to or tnodniates fc ^ ^ * r • 

*— - eontpositio,, cotnprisi„ g . £ £ ^ » «"»«« • 

contactin, fc JL'C ZIT^ ^ 3 bi0 '° 8iCil 
— ofd,, tes, eontpouod on dte Jvit, ' ^ de ' em " ni " 8 *" 

^ ---,eae.,„f:ro;r:a~ toide " ,ifya 

gggfggscrifiti on of the Drawin g 

ID NO: I. ^ 2 ^ ~ COriKPOndS '° «* ' '» ofSEQ 

^—dse^aceeotsespondstoa^ino^ , ,o350„fSEQ, D 

5 "—aetds^ueneeeo^s totaoipoaeids , to 224 of SEQ ID 

ID NO:, ^ 11:^ "~ - — « I .0 .53, of SEQ 

30 N0 8 acids,, „ 266 of SEQ m 
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Figure 4A-B depicts the cDNa 
^of SEQ1DN0 . M The amino acid^e^ cotresponds to nucleic acids J 10 

r ■ -- 

^Egare depicts a multini« 

V " U ' 2l ).W)tk-3(cone spondi ""K^ 2 (""responding 

h toSEQIDN °-'^. chicken DU( . 3 reD^r ) '" ,Dkk - 3(K> ~» 8 
WW <co„^„ ding „ < > < -.ng Accession No. D2631 „, a „ d 

P-ides infe^ ' "~ P,LB ^ The ah^, 

figure 7 depicts the cDNA seem 
human Soggy. Tj, e nucieoti<fa Kque] , ™° ^ Pred " ,ed acid sequent of 
^0:>, The^^^^^;^*^^ acids , ,„ 928ofSEQ 

^**Pi«a<hccD NA 

5 Thenucteot^^uenorr red ' Cttdan,i "°* Cid ^" e "«° f 

'°NO.,„. Theaminoecid^n J^^^^-'-acida I to 8 35o f SEQ 

-co„esp„„d s ,„ a min„ acidsI , o230ofsEQiD < 5 

CS - 71,6 Cysteine -rich domains of 
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a Dkk cysteine-rich region are depicted as CRD-1 and CRD 1 R u 

of N-glycosylation. " mdlCate Sites 

SEQ ID NO.14), mu nne Soggy-, (corresponding to SEQ ID NO:27) hDkk-3 
5 (corresponding to SEQ ID NO 2> anH mnn, 1 , 

.0 sh^ed^ and CRD- 2 wuhin Dkk-3 are indicated for reference by open and 

^''*Pi« S a mu ,,i pl ore q oe„ cealignineillofthe 

~„ domems of hDkk-l , ^ ^.3, ^ wi[h ^ 

(ha mg access,™ No. J028 , 3) . The o^,^, ' 

Proteins are indicated by an ooen ho, Th. r msoiineuut 
y an open box. The alignment was generated using PILEUP ( aao 
15 PanatoesofI2foropeningand!2forex,e„Hi„„« a - (gap 
since PILFin.- ■ eXttndl ° 8 >' A ">'-" adjustment was necessary 

PILEUP tusens . Slngle gap in hDkk ., Md hDkfc . 2 ^ " 

Z T , S ' yPiCa ' *■ *■* - I—- the Did, 

family , s mdtuated below the alignment. 

*> Rg^e /2 is, schematic diagram depicting a* relationship between .he hDkk 3 

nucleuttde sec-uence (c „„ espt)n<ling , 0 S£Q , D ^ ^ 

UAcccsston Nos. „ 3233 , Md AF0M2o8 , G ^ 

and WO-ldt. 7-, , there extsts a longer region of ideMity> 
stgnal seuueuce and, uccurdingly, is nol predicM „ „ ^ 

Detailed Descrip..- „>.u- , m f , 

>° . ^""ba^doumediscuu^ofnovel molecules refund ,o 

hereto as Dkk prote i„ „ uc , eic ^ «• referrc<i <° 

o molecules, which comprise a family of molecules 
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M, certain cortserved „ md fimciionai fefflTOs ^ 
reforms 10 the protein and nucleic acid molecules „f,h 

-o or more pr o Ki „ s or nucIeic ^ mo " " — 

having sufficient mi „„ -a haV ' ng acon ™°" ^h»al domain and 

omer, d, s „„c, pcoreina of huma „ „ ri „ « » « «« - 

sir r; ,s a pro,ein ^ tavin8 - ^ « ~ — «. 

S5 am , „ acafc of „ hich M) ,„ ^ ^ J 

h7" aC,dreSidUeS ' 47 - ,95 ° fSE< " D ^)'-o,heremJiJ 
a cysteme-nch domain" has in inn • j ' 

in nas iCM 00 ammo acids, preferably about isq^ • 

en m f Hy abou , ^ „ ^ ^ 

20,p,e f erab ly abon,5., 5 ,„ rm orepre f erab ly abo„ t 6,7, 8 ,9 ,0 II 12 „ , 4 

■7, It. "-or 20 amino M ,d s are cysteine reaidnea ' ' '* '* 

("crd n It Pr ° ,ei ° ° f ^ ~"" inven,i0 " 1,35 a ta <* «* 

CRD I , referred lo here „ „ ^ -a mino . ten]ltaaUysteine . r . eh domain . 

domTn " dTT ^' MUySttiM - riChd0m » i »-°'"^nnina,c yst ei»e.Hch 
domam ^ Aa defined hercm, an "ammo-termina, c ysl ei„e-rich domain- is a prorata 
mam ^ an amino acid seance of ahou, 45 -5 5 amino acids of „ h ich pre Il y 
-» acda are c y a,ei„e residues located a, lh e same relative posi,io„ as £2 

•!!•„ t r SidUeSl47 - |950fSEQIDNO:2) - «■-*— LI an 
— H— cvsreine-HC domain, nas 30-70, pre ferahl y 3«5, more prefe^ 
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abou, 40.60, „d even more p referab , yabouM6)4 8 

acids, of which a. lrast abou , 3 . 2 „, preferably abou , ' * * * * <" 54 — 

8 9 10 II 17 11 ■ „ ,< „ ri "" ,ab< "" 5 - I5 .™morep re fer a bIyabouI6,7, 

prefer embod,men,, « ^ 

a Tl 7 " ^ '° —* *«~ d (e a 

an,, o rt „ Mcaled Mcording to (hejr ^ ^ « ft*. 

10 2 — «d (UVMI indices m one of lhc ^ / ^ ^ 

IS w I^nceot about 80-85 ammo acids of which preferably 10 

-no ncds ere cvsleine residue$ ^ „ fc _ J ^ 

NO^e, «n a ,o a c.d res idue !2 „ 1 . 284ofsEQIDNO:2) ,„ ^ 

preierawy about 5- 1 5, or more preferably about 6 7 8 9 10 11 i ■> 
3, . .5. ,< I7 , 18 , ..or.Oerninonoids^o^ineresidnes. „ a p ^ ' " 

25 G.L.X-C-X( 1 0-,7)-C(SEQ,DNO-24) )CX-CX(2). 



VVO 00/52047 

J5 Pc ™K00/05452 

^ J »ofSEQj DNo . . h doma 'n incJudino ,k 

^ depicted ■ ■ 8 ! ° CyStdne ft he ' ^ acids "8- 

c uepicted in Figure r < tile Positions rt f * u 

,ng about amino acids 187 Carbox y-terminai cy S t e ; n • . 

- F«u re 6 , MS «•!»—. of tte cysK „ e resjdues ^ fSEQ 

«encn domain of the Dkk fi, •, JNU ^0- The carboxy- 

'0".'nh,b„,„ nofWntfiiiiciioiiby 



# 
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the Dkk family may be closely associated with th~ .. 

* *. m ^ Kmiml cysleine . rich ; f , c,a,,on - 

3 ,nVe "'" > " ~"Pri« a carboxy-fcnnta, cy SKine rich d „ . "* PreSa " 

"ratal cysteta-ric domain. d<>miU " ' aCkS * e 

posirion as cy S 2,4 i„ Dkk , « " „ " f " * * °™ — » — -id 

.j:^ ^r^r B , B jr ,,,,, - d 

v oiNU.2j. Similarly, as shown in Figure 6 Dkk ih«,., 
cysteine residues located at th,« , • * kaSt about 1 0 

a. .as, aboa,, 0 cysfcta ra iduL ioL a. ta * ^ 

cys.eta «aid„ es in each of ^ * Z ™° ' «■ fonh a. ieaa, 20 



• 
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Table I: 



cysteine 

i 



10 



li 



12 

IT 



14 



15 



16 



17 



18 



19 



20 



aa position 
in hDkk-3 



147 



153 



159 



168 



171 



178 



184 



185 



190 



195 



208 
~214 
219 



220 



231 



241 



265 



267 



273 



284 



aa position 



in hDkk-4 



41 



47 



53 



63 



66 



73 



79 



80 



85 



90 



145 
T56" 



157 



166 



176 
794" 



202 



218 



aa position 
in hDkk-1 



85 



91 



97 



111 



114 



121 



127 



128 



133 



138 



189 
795" 

loo" 



201 



210 



220 
~237~ 



239 



245 



263 



aa position 
in hDkk-2 



78 



84 



90 



100 



103 



110 



116 

77T 



122 



127 



183 
789" 



194 



195 



204 



214 



233 



239 



256 



-]■•■ - ^'^'^-"^^niainofeachofhDkks^,^ -1 and 7 

T^- 10 rows of Table , oo„ ain ,„ cysKi „ e ^ ^ 

—4. or caroox, cystti „ e . rjch ^ ^ ^ * 



WO 00/52047 

PCT/US00/05452 

-18- 

M r have a, ieas, ,w„ cys^ doDlaim ^ 

a «, ^ me ^ . cysttine . rich regiOT . refe a a proKjn - 

* l eas, t»o cysteines d omai„ s Md ^ ^ ^ 
5 ammo ac, d resmues of which a , ^ aboM 2() rf fc ^ » 

,1, : ; ™" m ° re Preferab,y « — "»» — acids „ f 

Iha ammo acida are cysteine residues. In a preferred 
10 is located in ft. ■ , '"aP"*"*! embodiment, a cysteine-rich region 

SEQ .D NO,, havmg 20 cysteine residues a, me positions indicted in Figure , ,„ 
another embodiment ahmcld^* • . 6 n 

amino ac H 4, 3 C ° ntamS 3 ** contai ™g about 

amino acids 41-218 of SFO mwn^ u 
15 ■ .- . . Q 10 NO - 5 ." a ™ 8 20 cysteine residues at the positions 

.aanomerembodimen,,,^, pretein contains a cysteine He, 

3r;r 8 ^ •* ^ ° f seq °> n °* » 

res, ues a, the postttons indicated in Figure 6 . In ^ em 

. cysteme ric region containing abo u, amino acids 78 . 256 of SEQ 1D MO, 
havmg 20 cysteine reside a, me positions indicated in Figure 6 
» another embooiment, in nddition ,„ cvsttine . rich d 

3^^^™whic hs epa^ teta ^ secMdc ^. rich nCh 

located between the first and second cysteine r,vt,w , 

• , j econacy stei ne-nch domains of a cysteine-rich region and 

includes amino acid residues located C-terminal to the r . ■ 
25 termini, ,u ler m>nal to the first cysteine-rich domain and N- 

etmma, to *e second cysteine-rieh domain. As defmed herei „, . 

» a proton, domain of about 5-20 amino Kids> preferab|y ^ .J ■** 
-W^.^^oac ids ,ev Mmorcpreferab]yabou , 2 , 55 j2 

^ nore preferabi) ' abow 25 - 50 - ^ - 35 - 4 ° — ^ *» « 

30 CO "' a " ,S 8 SPaOT — -* ' **> of SEQ ,D NO,: 

£M prott m oontains a S pacer region of aho„ t ^ ncids „.„, of SEQU NO,- ' 

hDkk-1 Pt^tn contains a spacer region of about amino acids 139-181 ofSEQIDNO'g* 
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5 consists of 47 amino acid residues,,, • ^ re8, '° n ° f hDkk ' 4 

In softer embodin™, of ^ ia ™ 
'0 herein, . * " Ch - > sequence. As used 

— , leas, abou, f -*» - — 

enbodtaem ' " >l " < ""-. «^e). ,„„„«,,„„ 

pnabraWynbon, 16 . 26 .^^ ' 15 27 ™"°^d rescues, m „„ 

« serves to direc, a p rotti „ coma/ „l g ^ *° a 
— * in one embodtaen,, a 3 J!- " * **' ^ F " 

— acids ,. 23 ofSEQ ,D N02 1 7 ^ ' *** ~ 

I" anod.ee «n,bod taent . * , T" * ab01 " — acids « SEQ ,D NO: 8 . 
-ids 1-33 of SEQ ID NQ Ta 7 " ~ — 

°-™n g hlraan gHM) ' "nepsonding ,o a „» rally . 



m 
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According,,, one embodiment of , he inventio „ ^ 
en . one cys«me- ri c h domain, preferably . _ ^ 

c:^r/^? tt ^ taMn8 " ie "^-~^^^ 

features a Dkk pro.cn having a, ^ one c^ein..^ regio „, wherei „ fc 

resron indndes ., ta lwo cysttine . rich domains Anoaer J J~ 

protein o, domain within . proKjn ^ M so 5q - es 

homology to a cyaeine-rich domain of. Dklc . 

hDkk-4, hDkk-1, orhDkk-2). "* ^ <**• «** 

- ~- — * Preferably „ ,eas, one cysteine-ricn region and a sign 
pepndc. corner embodiment featoros a Dkk prorcin having « Irasl one ^ 

:z::r ,a, r Me ~^ i °»-»^^d,: e rr 

c Jrl" ha ™ 8 " ' MS ' °" e *» P-raMy a, ,eaa, 



one 



cysteine-rich region ^ a signal pepnde, ^ lhe 
Icnsrrwocyareine-rich domains and a spacer. 



V« anod.ee aapec, of me i„ve„,i„„ f ea tures Dkk ^ ^ ^ ^ 

ly 



regions which are conserved amonc a suhsw vi» ■ . 

8 sel ofDkk P roM "K bur are nor necessarily 
conserved among all Dkk family member, In™ ,. ..• 

Dkk Ilk. .. . members. In one embodiment, a Dkk protein (e.g., 

Dkk-^asan extended N-terminai region" which is extended in length 



Pro fembly, the fa, ammo acid rosidoe of an N-termina] region of Dkk is me firs, 
rosidue of a matme Dkk protein ^ ^ lasl ^ „ „ 

*ero ^ proceeding me nKtcysKi „e„ sidu e ofCRI) ., . taap ^ £ml J^ 
- rsaboo, ,. 2 „ ^ ^ ^ jn ■ 

N- Ji m "I ' T ^ amin ° ** reSidUK ' e " 6th «— ■ - >— 

' nal ree ' 00 ,SM te ' *» "-so, '.-loo, iomio, , 1 1-120, m.m. 



• 
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'3M40, 141 . 150 , >5,. l60mmmmim 

embodiment . hDtk . 4 protei „ J ' — in one 

40 of SEQ ID NO-5 (21 ami„n , „ „ "* 0n ab0Ut ^ acids 20- 

» no, ,« ^ Mid XrziT T" Kids 2 '- 84 of SEQ ,D 

includes an ■ .7 """" " »— UWM protein 

— ^ residues ;r , : •* 34 - 7? ^ <° **« *» 

s '" "Wn)- In Mother embodimen, ,mn,i 
"extended terminal ,eei„„- of a .„ , . intent, a hDkk-3 protein has an 

™ region of about ammo acids 23-1 46 of cpn m .,„ „ 
aeid residues in length). HoofSEQ ID NO:2 (124 amino 

10 to mother embodimem, a Dlk protein dwh,,. 

which inches amino acid msicL T " ^ '-"""^ 

following the l asl CJ , SKine tennmal region is the residue 

- dte las, reside of a « ^ , " "* — 

'5 region is abou, 6 5 -66 ami " ■**-*« -* C-termuta, 

66 ammo acid residues in length and has a bou, 57 .„. 
actd residues (e.g., gl uteUc Kid or * lm aboul 27 -25% acidic amino 

acidic Cenpina, « gi „„ jsaboul tT" ^ «*-■»*- embooimen,, an 

amino acid J M J^" * * — ^ abou, 

2» 23-33% acidic amino acid residu 1 P ^ *« 

-inmregio„ f romabo„ ta mi„o a eid S 2 8 ,3;„oZ 3 C: 

SBQ ID MOig, or SEQ , D ^ ~ " " Q ^ SEQ ' D ™' 
tcfers ,„ a ta ^ ^ - - homologous- 

30 -leoude sequence such ma, „e fira „ ds ^ '° " ^ ammo .cid or 

—mmonsnucuraldoma^r ^T^""*^ — 

and/or common func,, 0Da I aaivhy. For examp|e _ 
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amino acid or nucleotide sequences which *h» r 

P^Wy .wo, more p „ feral)ly ^ *■ *— - — ta a, ta, one , 

60, 70, or 80% homo , ogy ^ ^ " ^ *>* mora p refera61y 

-fflc.oo.ly boroo.ogooT - «- ta* as 

As usod intorchaneeably h erei „, a - DJct d .... , . 

- — . acid raoL,^ 1 « T ' ^ * ~* 

-1000,0 or a «* pro*, or * ' * "' 0l «""< - <* . non-DkJc 

» no, express a roerobrane-bindir, ~ "* *" 

«*- exempt mbodimeM J« ^ ^ °' 

P-b, or a second Dkk ptotei „ ^ " " ■ — «** no„- Dltk 
«ivi.y is an Wirect ^ *"* * • AJ^veiy, a Dick 

* io-eraooon of Dkl "! " " ' «** — d by 

Pep«do, grow* ^ o „ uc ,Ltl7'° r M " —* «*■ ' 

-** looov™ fc oro or, Jd Zb 7 reCeP ' 0r ' ^ ^ - 65 ■ * 
3» . Dkk reoopror oan ^ °' ° "* «"* ^* 

' '" CreaSe m """""hr ca I o iun , an ilKrease f „ 
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o, oAer molacule , Md 1 ^ 
specfie proraia,, a modu , alim Qf . «•*• ■» Phosphorylation „f 

""vife «, fonh ^ 8MM "-»««-. and any of , h e orhar Molo6ica| 

In a preferred embodiment a ntt • 

(«#. a Prorein, sach as a Dlck a " d ' 0r b '" d '"* - « -ml moieeufe, 

of ,he w ^ of ^ ^ *- * * reea P ,or, a receptor fcr , 

'» oerween , Mluble Dkk b °»" d » «l»n (iii) co mptei fonMtio „ 

« p ro .e ta molccu , e zz:::: ^ * ^ <«•*• • - 

— — p rottins regulation 0 ~-'* w ~„ ^ olher 

ac,ivi, y „ defense Lc J, 7 8 " — * «*. a 

«**-: ,„ modulaIioi] „ «-« one or more of , he f 

W*. or supresi0 „ of / ° f — *- «<*. <m fa* „ f secreKd 

*■ 2b, W„,3 a^or W„ 1Wep l de „" ^ f « — *• -option of 

CS " *— «"ft (3) n*M. of expression! reSUla,i °" of «^"da„, eel,- 
* »i„ ding of Dkk ' ~« whose express , raoduJaM 

in d =va, opmeM „ jffe ^7 : «> nanseHprioa in a 

25 d -^n, or diffcranriarion wherein a, . " " ' 

specific prorata; (6) ' « - •«- encodes a diff a,an liatioil . 

wherein a, .aaa, " * ^ " - 

WlMra " « 'aaa, one 6 e„e encodes . siana , , , °r differe„, ialion , 

'""Won „f proliferation " «*— of prolifera|jon 

e ease of supression of tumorigenesis (e.g. t siqjpression 
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_ce of hema , opoiMic progenjtor ceik); modutojon P-, 
5 stimulation of cell survival- n 1 Vf»m.i « . 

Asre ^<"^/.d iffere „ tiaUon ^ ificprottjiis .. nc|ud 
..VOW .„ *e ^ of a «„ from fc to differen ^ 

phenotype. F„, e xan,p,e, «* proteins cm be 

:r ::r " hisher ,eve,s to ce,,s « ■*« - — i r 

,„ dlfenliale<| p „ eno|ype 

.A^-^^ ,. diff „ enlia , ion . specific 

P refeTOlDkkprottil „ havealteioii ; 
20 .,e,„ has a, .as, » «^ ^ wherej „ fc ^ ^ J\ 

«* pro, ,„ ta at , easl one cysttine . rich ^ wherejn 

- - -»» ac, d _ suffic^ homoIogous „ _ * 
IDNO:2,SEQ!DNO:5,SEQIDNO:8,orSEQI DN 021 

,„ one A rr* Dkk fra8raen ' comprises * M 
r a it; ; ^ aciivi,y or a Dkk pro,ein ' in — — * « » 

ftagmam lacks » lnl i no . temtoa i cysttioe . rich domtiii 
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The humao Dkk-3 cDNA, which is approxitnafcly 2479 ^ 
encodes , pro,™ which is approximately 350 amino acid ^ jn ^ ^ ' 
human DkM protein contains „ N . ttraiinal slgnal ^ ^ a 
compns.n gt „„cys tt i„e.richdotnains. A Dkk cysteine-rich region can be found at 
least, for example, from about amino acids 147-284 of SEQ ID NO-2 ThehDkJO 
cystetne-rich regioa comprises . aminc-termina, cysteine , ich ^ 
ammo actds >47.„5 of S EQ ,DNO:2 and a earboxy-rerotinai cyateine-ricb domain 
from about amino acids 201-284 of SEQ 3D NO:2. The human Dlck-3 protein is a 

U Q,DN0:2 ' 
bou, ammo ac,d residue 22, 23, 24, „ r 25 of SEQ ID NO:2 and is about 329, 328 

27 or 32 mi „o acids in ,e„ glh . The prediction „f such . signal ^ ^ fc „ 

for example. „nl 12 ,„ g the eompu.ee algorithm SIGNALP (Nielsen, e, al. (1 ,97) /W„ 
Engineering 10:1-6). 

" The human Dhx-4 cDNA, which is approximately 848 nucleotides in ,e„ gl h 

encodes a protein which is approximately 224 amino acid residues in ,en gUl . The ' 
human Dkk-4 pro tein conlains _ ^ ^ ^ _ ^ 

compnsmg two cysteine-rich domains. A Dkt cysteine-rich region can be found a, 

'-.f»rexample,fromabou,amim,acid S 4,.218„fSEQIDNO:5. ThehDIdr-4 
cystetne-rich region comprises an amino-termina, cysteinc-rich domain from about 
ammo .ids 4, 90 of SEQ ,D NOt5 and a carooxy-termina, cysteine-rich domain from 
aboutammoaetds 138-218 of SEQ ID NO:5. Tne human DKx-4 protei „ „ . ^ 
pro.e.„whichro n he,c„, t ai„sasi gM , S e qU e nC e at ah„ u , amilloacidsI ., 7 ,.,„ 

ammo actd readue 18, 1 9, 20, or2, of SEQ ,D NO:5 and is about 207, 20b, 205 „, 204 

.34-224 of SEQ ,D NO:5. ,„ another embodiment, a preferred fragment of hDkx-4 
consists of amino acid residues 134-224 of SEQ ID NO-5 

The human Dak-, cDNA, which is approximately ,536 nucleotides in lengd, 
encodes a protein which is approximately 266 amino acid residue in lenph The ' 
human Dkk -1 protein contains an N-termina, si gM , seance and a eysteme-rich re g ion 



20 



25 



30 
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«,„< ysM domains . A Dkk cysteiM ri£h ^ _ 

lea* for exanpfe, fen, aboul ^ ^ ^ ^ ^ ^ ^ 

cyaeme-rich region compn.es an amino-fcnnina. c y s,ei„,nch domain fa. abou , 
amino acids 85-138 ofSEO ID NO-SanH a u romaoout 

r j>t,y id NO.8 and a carboxy-terminal cysteine-rich domain from 
5 about amino acids 1 82-263 of SEO ID NOR n, u "omainirom 

or sty j D NO.8. The human Dkk- 1 protein is a secreted 
pro,e,„ *eh rW cnnah* a signaI sequence . ^ J » ^ 

or «. of SEQ ,D N0 : 8 . According,, a mam. homan Dkk „ prolei „ ^ ^ 
ammo ac, residne „, 2 „, 21 , „ 22 of S£Q „, ^ ^ fa « *• 

ammo acids in length. ' 5 

0 The human Dak-2 cDNA, whieh „ approximMely ^ 

ncode, , ■ prorein which „ ^ ^ ^ •* 

Oman O^rein eon^s a e y s,ei„e. ri ch re gi o„ comprising two 
domains. A Dkk e^ne-Hoh re gio„ ca „ found „ ^ for 
«. ^ofSEQ.DNO:.,. Tn,^^,,^^^ 

»d a c o domain from ^ ^ _ 

IDN0. 21 . Themnnan D^proreinisasecreredprore^Hic-mnhercon^a 
agna, stance a, abcan amino acids ,. 31 , ,. 32 , ,. 33 , or ,-34 of SEQ ID NO*. 
A« humm Dkfc . 2 proKin ^ m ^ ^ • • 

34,or35ofSEQIDNO: 2 |andis a boni 228 22 7 22< • 

. ">«■"«. -"7,^6. or 22 5 amino acids in length. 

Pr ° tt ' nSOfth ">™-=n.iooeanhe«sed,„iden tily addi t io„a J D k J [ . 
wasrdennned using fc mWi ^ ^ fc J °<* 

3 d r ' ft0n *" dBEST - ^ »— *W .o hDU. 

- » «, se^eed. The encode, pmiein „ refOTed „ herein as horn! ~SoT 

■or D^. Thennceohdeandpredicedaminoacidseonenceofhaman 

XenTod ° Pi r 7 - h -—*—*-*«M (SEQ ID 

~ „r a t 8 242 ^ ■* (seq ,d N ° :i4 >- ^ — «■ 

ofSEQ ID NO:I3. a codmg region eonmining nucleoliics „.„„„ „ f S£Q ^ ^ 
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(CO ~ n8, °""^ >-72 6o f SEOID „ 
K>na ™ fi ■"-*«*. 80,-928 ofSEQ ID NO , , T '°" tMS,a,ed 
" !SiduB 32 -'32) has 25% idenli „ to an N t S< * aB '"' , " <>,e " , (ami "° «*> 

acid residues 22- J 40) . d e teralil ;!! , T, d0 " ,a, ' ,, * <— 

Penahy of 4. « 8*P lengu, pena ,, y of , 2 ^ ^ 

Two murine cDNA clones 

*,oooce fo, mm ,: 3^7°" *- — - Cooes resulttd ,, ^ 

10 acid so Sgy ., Z#£T** Kquence Md ~ — 

— (SEQ ID NO:26) encodes a prot ^ —«* ^ of 

— *. nnclaondcs ,- 36 of SEQ ID nq 2^ " ^ * S ' — — «*. 

".74, of seq ID Na26 IO SE :; d :r si<,n 

« con tonin6 nucfco , ides 8 "» WMft and a 3. nno^,^ 

Plains disptay 59% overaJ , ^ ,D N0 «- Hon™ and murine 

«*- -o ta. and n,^ DH ,: p ^ e 7' " - Soggy 

on. ^ domain or : sGy h J*-*- on fcep,^ 

» — * As dcHoed herei „, . -sovIZ,- 177'° M C ~" S — ' - 
P™»in fr, , bSoegy . t) ™» -lodes a p rotein domaj „ 

- .as, .on, 25-40,. Lj^TT "*» — and 

fleu90-glnl40 of SEQ ID NO*2) .„ ! ^dnes 90-140 of bDkk-3 

^M7.Hn Mre p re J,lX7^-SOV d o mata . tas4( . 55 , 

P^rably abou, 29-36«, even more pre6raM t " *" «~ 

abon, 3,-34,, or 32 . 33% J££ T 3 °- 35% - " ~ — 

of SEQ ID NO,,. ,„ y l 0 l"° 7 reSfd - *>■>«> ( uo,0- 
Mowing eo^ ^™ b<,d,me "'- a "SOYdon, a i„. hasIh e 

"0:29, For Kamp , e , hman O -EX . v . X(2) . , . ^ _ £ ^ 

aSGYdoma '"«o»'ab„«a 1 ni„oacid 
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5 r ^ , N 8 denti ' V "* «* '"-'40 of hDxM 

5 (leu90-glul40ofSEQIDNO-2) TheSf!YH„ • , t 

j . . . • ltesOY *»»■■» of human and murine Sobev.i are 

depicted by shaded boxes in Figure 10. 

contams a s,gnal sequence ofabout amino acids 1-29 1-30 1 1, , ,f ^ 
10 Mn-i4 a i- , ' °' , - 31 > or 1-32 of SEQ ID 

i 0 NO. 14. Accordingly, a mature hSoggy-1 orotein h PO ; . u 

7i i*> ■>-> a- P egms at about ^ino acid residue 30 

n anon, 0 '!T " " *"* ^ ^"-ammo acids i ,!„ „ 

as 1 ,y > N20 ' 1-21, or 1-22 of SEQ ID N027 A„^- , 
Dm.™ ■ , Accordingly, a mature mSoggy-l 

^ 1 3, 2 1 2, 2 1 1 , or 2 1 0 amino acids in length 



20 



25 



30 



I. Isolated Nucleic Acid 

encode nut T "* ^ " — » *. 

encode Dtt protelns or biologica „ y ^ ^ 

ITT. mo,ecules ' As - d *• — - 

— ,3 .mended ,o inciude DNA molecule, (e.g., cDNA or genomic DNA) and 
RNA m iecuies (e s ., mRNA) and apalogs „f fc DNA or RNA generated using 

~b 77 71,6 nucleic acid mo, " ule < M te « ^ 

siranded, bul preferably is double-stranded DNA. 

acid T ", U °' a,ed " """^ ' S °" e WWch is *» other nucleic 

nncletc aetd is free offences which nan^y flai * me nucleic ^ " 
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locatod « .he 5- and 3' ends of the nuclei, acid, fa ft, genomic DNA 
organ™ ftom which the nuc , eic acid „ derjve4 Fm exampie , n ^ 

ft. .solatod Dkk nucleic „ id ^ ca „ ^ ^ ^ abou[ 5 ^ ^ ^ 
kb, 0.5 » „, 0.1 kb of „ucI.o«id« sequences which ^ ^ nuck . c ^ 

5 ™»^'«i«8e"omicDNA„f 1 hecellfro mwhichthenilckicacjdis<terive<| ^ 
.soUtod chromosome is not an isolatod nuclei, acid m„,ec„le as defmed hemta 
Moreover, an -Uolatod- „„.,... acid molecul£ ^ „ . ^ _ ^ 

subsidy free of oft.r c .„ ular materia|> „ ^ ^ ^ 
recombinaa, ,.chni q u.s, « subslantia||y free „ ^ _ ^ ^ 

10 when chemically synthesized. 

A nucleic acid nroleeule of the presen, invention> . . , . , ^ acid 
havmg ft. nu.iao.id. se,aenee of SEQ ,D NO: I, SEQ ID NO:4, SEQ ID NO:7, SEQID 
NO.13, or SEQ ID NO:20, rhe nuCeoride s. q „.„c. of ft. DNA inson of*, plasmid 

d ^^ATCCasAeceasio„N U1 nber9 8 452,d,en U c,eo,idese (IU e„ee„fU,eDN A 
inserr of ft. piasmid d.posi,.d wift ATCC aa Accession Number 98633, ft. nucleoside 
se q u.„c of fte DNA inserr of *. p,as m id d.pos itt d wift ATCC as Accession Nunrber 
, or a portion ft ereof , «, be jsolaled ming ^ ^ 

and .he aequ^ce information provided bemin. Using ail or portion of ,he nucleic acid 

20 ZT ° f ""^ ,D N ° :4 ' SEQ ,DN0:7 - SE « 10 - SEQ ID 

NO:20, or ft. nuCeodd. sequ .„ c . of DNA insert of ft. p,aa m id d.poai,.d wiU, 

ATCC aa Accession Number 98452, ft. nuclei seqiK „ ce of ^ DNA ^ rf ^ 
pfcamid dr^ „ift ATCC ^ Accessio „ Numbw 98633 _ ^ fc nudeo(ide 

of ft. DNA inaert of ft. pfemid deposit wift ATCC Accession 
a hybridization probe, Dirk nucleic acid moleeules ^ u isolaKd u$jng ' 
hybr.diza.ion and cloning Icchlliquas ^ „ fa ^ ^ £ p 

and Mani.Ua, T. MoUcular Co***: A laoora,ory Manual 2* Co US ^„ g " 
Harbor Latorasory. Cold Spring Harbor Laboratory P ress , Cold Spria8 ^ m 
1 989). 

M ° re0Ver ' a nuc ^ -id molecule encompassing all or a portion of SEQ ID 
30 NO:l 5 SEQIDNO:4,SEQIDNO:7,SEQl DNO :13,orSEQIDNO:20 orthe 
nucleot.de sequence of the DNA insert of the piasmid deposited with ATCC as 
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Action Number 98452, the nucleotide sequence of fc DNA insert of the plaantid 
deposited with ATCC a, Accession Number 98633, or fc nucle01ide se „, e „ ce „ f ^ 

DNA tnser, of .he plaannd deposited with ATCC as Accession Number CXI be 

»M by the polymer chain reaction (P CR) 

deatgnedb^duponuTeacuenceofSEQIDNOM.SEQIDNO^.SEQIDNO-y SEO 
ID NO: 13, or SEQ ID NO:20, or rhe nucleotide sequence of the DNA insert of the ' 
plasm* I deposited wid, ATCC as Accession Number 98452, the nucleotide sequence of 
dte DNA msec of the plasmid deposited with ATCC aa Accession Number 98633 or 
the nucleotide sequence of m. DNA insert of the p , asmid deposited with ATCC as' 
1 0 Accession Number . 

A nucleic acid of the invention can be amplified using cDNA, mRNA or 
alternatively, genomic DNA, as a temp.ate and appropriate oligonucleotide primers 
according to standard PCR amplification techniques. The nucleic acid so amplified can 
be cloned into an appropriate vector and characterized by DNA sequence analysis 
Furthermore, oligonucleotides corresponding to Dkk nucleotide sequences can be 
prepared by standard synthetic techniques, , 8 ., using an automated DNA synthesizer 
In a preferred embodiment, an isolated nucleic acid molecule of the invention 
compnses the nucleotide sequence shown in SEQ ID NO:l. The sequence of SEQ ID 
NO:, corresponds to the human Dkk-3 cDNA. This cDNA comprises sequences 
-0 encoding the human Dkk-3 protein (,,, "the coding region", from nucleotides 38-1087) 
as well as 5" untranslated sequences (nucleotides 1 to 37) and 3" untranslated sequences ' 
(nucleotides 1088 to 2479, Alternatively, the nucleic acid molecule can comprise only 

the coding region of SEQ ID NO:l (e g nucleotide* is t„ ins-7 
■ v v<? ■*■ ' nucl eotides 38 to 1 087, corresponding to SEQ 

ID NO:3). A plasmid containing the full-length nucleotide sequence encoding hDkk-3 
5 was deposited with the American Type Culture Collection (ATCC), presently in 
Manassas Virginia, on June 1 1, 1997 and assigned Accession Number 98452 

In another preferred embodiment, an isolated nucleic acid molecule of the 
mventior , comprises the nucleotide sequence shown in SEQ ID NO:4. The sequence of 
SEQ ID NO:4 corresponds to the human Dkk-4 cDNA. This cDNA comprises 
sequences encoding the human Dkk-4 protein (/.,, "the coding region", from 
nucleotides ,25-796), as well as 5' untranslated sequences (nucleotides , to ,24) and 3' 
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-olecule can on * AllemaUvely, ft. nucIeic 

™. co^^ „ S£Q , D ^ ""»» »«EQ ID NO , nucleol ,, es |25 (o 

5 d. nucleotide " ^ <* id of d* 

^ Ue " Ms ^°°i"g.hehun,a IlDk)[ . 1 pra . ' This <™A comprises 

nuclides ,0,-906), a. well as y mlr . ' Mdi " 8 Son, 

peaces (nuctoddes ~ I ,„ ,0 8) «, y 

0 ~ ~ «* *• re8 i on of SEQ D iVe ' y ' — * 

COITO PO™nng,oSEQIDNO- 9 > . , U ' 7(e «" nocleolides 109-906 

*ooe„ce e„ c „ di „ 8 hDlk _, J *.™* *• 

SEQ ID NO-20 <•« nCe$nm ™'nSEQIDNO-,n -n. 

ft. h,^ Dkt 2 ° , 2 C ° NA ' ™ s ">NA co-nprises 
nucleondes 724-1500,, 5' mamsUao , „ ( "" """ COdi "« W, ton, 

■"o1ec u le CMCOmpri 687 > A "«"«ivel y , thenuc|eicaci . d 

-=00, co^po^ 10 SEQID ^7» - ^ "> NO,„ (,,, „ udeotides ?24 
All-length „ Mlide ^ ™ne fthu.33, ^ fc 

^ Ca, ture Collection » »M «, depo sitea „ ith fc Amakm 

S Signed Acce^ Nlrabw " '" Vi *°«. on Mareh 2, ,999e„ d 

Inai, ol he r p refaTed 

^"con^^,,^ seTn^T ° UCte ' CaCidn '° l -'«^ 
SEQ ID NO- n ™ qUencesh °wninSEQIDNO n ru 

V DNa,3c ^Pond s tothehu man Sogg ycDNA T „ ^ These <^nceof 

sequences encoding the human Soggy ^ . * ^ Thls <*>*A Uprises 
nucleotides 75 to 800), as well as 5 ! , ^ 
~ed se 0Uences (nucIeoti , es " ~ ~ (nuclides , to 74) and 3' 

928> A,temative 'y> the nucleic acid 
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molecule can comprise only the coding region of SEQ ID NO:13 (e.g., nucleotides 75 to 
800, corresponding to SEQ ID NO: 15). 

In another preferred embodiment, an isolated nucleic acid molecule of the 
mvention comprises a nucleic acid molecule which is a complement of the nucleotide 
5 sequence shown in SEQ ID NO: 1 , SEQ ID NO:4, SEQ ID NO:7, SEQ ID NO- 1 3 or 
SEQ ID NO:20, the nucleotide sequence of the DNA insert of the plasmid deposited 
w,th ATCC as Accession Number 98452, the nucleotide sequence of the DNA insert of 
the plasmid deposited with ATCC as Accession Number 98633, or the nucleotide 
sequence of the DNA insert of the plasmid deposited with ATCC as Accession Number 

10 , or a portion of any of these nucleotide sequences. A nucleic acid molecule 

wh,ch ,s complementary to the nucleotide sequence shown in SEQ ID NO- 1 SEQ ID 
NO:4, SEQ ID NO:7, SEQ ID NO:, 3> or SEQ ID NO:20, or the nucleotide sequence of 
the DNA insert of the plasmid deposited with ATCC as Accession Number 98452 the 
nucleotide sequence of the DNA insert of the plasmid deposited with ATCC as 
Accession Number 98633, or the nucleotide sequence of the DNA insert of the plasmid 

deposited with ATCC as Accession Number , is one which is sufficiently 

complementary to the nucleotide sequence shown in SEQ ID NO:l, SEQ ID NG 4 SEQ 
ID NO:7, SEQ ID NO:13, or SEQ ID NO:20, or the nucleotide sequence of the DNA 
msert of the plasmid deposited with ATCC as Accession Number 98452, the nucleotide 
sequence of the DNA insert of the plasmid deposited with ATCC as Accession Number 
98633, or the nucleotide sequence of the DNA insert of the plasmid deposited with 

ATCC as Accession Number , such mat it can hybridize tQ ^ 

sequence shown in SEQ ID NO.l, SEQ ID NO:4, SEQ ID NO:7, SEQ ID ND13 or 
SEQ ID NO.-20, or the nucleotide sequence of the DNA insert of the plasmid deposited 
with ATCC as Accession Number 98452, the nucleotide sequence of the DNA insert of 
the plasmid deposited with ATCC as Accession Number 98633, or the nucleotide 
sequence of the DNA insert of the plasmid deposited with ATCC as Accession Number 

thereby forming a stable duplex. 

In still another preferred embodiment, an isolated nucleic acid molecule of the 
30 present invention comprises a nucleotide sequence which is at least about 30-35% 
preferably about 40-4 5 o/o, more preferably about 50-55%, even more preferably about 
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"> NO:4, SEQ ID NO:, SH 0 ;~ S ** «> «» NO:3, SEQ 

SEQ ID NO:20, or SEQ ID NO:22 «.' , * SEQ ID NO: 1 3, SEQ ID NO: 15 

5 Ptoddep„ sittdwilllATCCas . nUC '7 desK "'™»f".eDNAi 1Bert „ fthe 

«* nucleotide sequence ^ DNA ^ Number 9.633, or 

Accession Number ora „„„. , P ' ffimid *WiIed with ATCC as 

DNA moiecules, for example plasmiH , " """^ « * ■ *«W«l-*d 

-«.* SEQ ID NO: I, slZZ 3 ^2 ^ " ~ ~ 
» SEQ ID NO:,, SEQ ID NO:I3, SEQID » ,f ^ ^ ' D SEQ "> N °* 
nucleotide sequence of * DNA insert of th ' ^ NO '' 20 ' " SEQ "> Ntt22 - *• 
Accession Number 9S4,, «_ , . P "" d dep0SiKd «*<■ ATCCas 

^e^ thATCCKAcces -;: e -- 

ONA insert of me plasmid ^ ' ^ °< - — «. sequence of me 
20 «*^^ CaSA ^"Numbe,_ , ora 

In one embodiment, me is„, ated nucleic 
- WA ntoleculea which are in . fom " "* P-n, h^ 

~n of cotaespondin, ^ 

isolated nucleic acid molecules are DNA m , , '" Wher ""»*««, Ibe 

23 ^^PPn^pm.btCr^^-^^^efor 
capable of expresamg ^ * ' *>"»• f <"««"P-C in a vector, which ta 

* elements and,„r ^ * ~ ~" fc ~» *» 
en-bodimen, me isolated nucleic acids 1™ ^ ^ — 

'-^zzzzzz 
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lecuie ,s free a™, sequencing vector sequences. 
Moreover, the nucleic acidm | . . 

* — occac^cocoo, SEQID t; irrr~ oniya,,Mira 

Oeposred with ATCC „ Access . on NA tnser, of the p lasmid 

insec of the plasmW deposjted 98452 ' *■ sequence of the DNA 

n^c aequence of the DNA fT" ^ ' * 

>0 Accession Number . maert of (he plasmid deposited with ATCC as 

^a.ed p rotein . ^ ' ° l0gKa " y <">"»»» «f a Dkk protein or Dlck- 

compel , region of „ ucleotide J *«* The ohgonucieotidc tvpicaiiv 

« leas, aboo, l2 , preferably * *" *>*"*- conditions ,„ 

» 10 NO, 3, SEQ ,0 NO: 2 0, the nuc, Jde "* " ^ 

depcsircd „i,h ATCC as Accession Number M I 7 '"" 

~. sequence of Utc DNA inseTfJ TT ^ ' * 

Aeccsaion Number of P ' aSm "' <ieI * >Sittd «*» ATCC as 

» ^'-o^B Q ^ot I 3zr; 0 ? 0 r of 1 sE<3,DNo -'-^-No: 4 , 

*- of mc piaamid deposited whb ATCC ss A ~ * ^ DNA 

sequence of the DNA insert of the „, T °° """"^ ^ * e ""eleotide 

/a inaert of the plasmid deposited with ATrr « a 
9.033, or the „„c leotide P "* ATCC as Acaesaton Number 

ATCC as Acceaaion Number or of "* P,aSmi,i *«-*«« «» 

aequence of the DNA insert of the piasmid depoahlr 'wim^TCC^s A ^ nUC ' eot,ae 

wun A ICC as Accession Number 
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98452, the nucleotide sequence of the DNA insert of th, , , 

— " -» ATCC - Accession N JJ t — ° f * e 
embodiment a nucleic acid molecule of*. e '" :mPlMy 

SEQ .D N0 S:I o, 3 cao be « „ p' , ""^ "* '» 

"omoiogues) ,„ . „ refemd " " C ' 0ne "* hom ** ** «*W 

"* a^Li " ^T* — — ■ « - Coned b y 

-eodde ^JLl^ZZ: ^ " 3 P ° niM 
» — Likewise, probes based on 

^esan.eoe^ouaplL r K TT B ™ CS ™ 
comp,i S e s a iabe, group anal t b 2 »7g J ^ OTb0d,TOnK ' * "* ^ 
fluorescent compound an en*vme „ 8n "' P " * """"^ ■ 

a Pan of a ^J^SZTZ T C °" 6C, ° r ' ** « * — - 

»om a subject e.g., derecing Dkk j£ ^ d * * °' 

8 - has been muttM or J e ^ A °' " 

sequence of the DNA insert nf th . • "umoer VS452, the nucleotide 

* a insert of the piasmid deposited with ATCP *c a 
98633, or the nucleotide sequence of the DNA 7 " 

ATCC as Action NunJr ^ T ^ " * 

30 activity logical -d^J^^T^^'^ 

tne Dkk and Dkk-related proteins have previously 
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been described), expressing the encoded portion of the nrot ■ , ■ 

5 NO:13,SEQIDN020 the I SE Q ® NO:4, SEQ ID NO:7, SEQ ID 

, iU the nucleotide sequence of thp nw a • 

deposited with ATCC as Accession Number 9 52 ^ ^ T ^ 
insert of the plasmid deposited with ATCC as A ^ ° f ^ DNA 

nucleotide ^ofLDNA^^r"^^ 

^"NA insert of the plasmid deposited with ATCC as 
Accession Number Awe in a* , 1LLas 

^--, SEQIDNO:7 ,^r~~r?r o: '' 

oflheDNAin^^f.u , • ' v 1U INU 20 ' tne nucleotide sequence 

ui ine una insert of the plasmid deposited with ATCP 9C a . v 
thpn,,M»^^ cuwim A ICC as Accession Number 98452 

tne nucleotide sequence of th*»nM a • /. . ><»«»A 

q ot the DNA insert of the plasmid deposited with ATCP « 
Accession Number 98633, or the nucleotide sequence of the DNA 7 

SEQ ID NO:,4, or SEQ ID N0 21 Q * ID N ° :8 > 

nucleotide sequence of the DNA insert of the „i. m , 

a XT insert or the plasmid deposited with ATCC as 

Accession Number 986 „ r ,u ■ ., Alu ' as 

"moer y» 0 J3, or the nucleotide sequence of the nw a • 
deposited with ATCCc a v quence of the DNA insert of the plasmid 

v icuwmiAlCC as Accession Number it «,;h k 

25 skilled in the art that DM a ' Seated by those 

in the art that DNA sequence polymorphisms that lead to chances in the ■ 
acid sequences of the Dkk or Dick a 8 am " 1 ° 

*= tana- populoooo, 1 ^ "* 

P P laoon). Such genet* polymorphism in the Dick or Dkk-relaiaH „ 

««l herem, the tenns W ^ . J"'™' ^ 

0 W - open reading frane encoding . p l n - 
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in sequence of a Dkk o, Dkk-telated gene. Any and all such nucle01ide 

— and resulting amino acid polytntnphi™ in genes , to „ e ^ rcsu|( 
alleltc vanatton and that do no. alter ,he ^ rf , ^ or ^ 

ptotetn are intended to be within the scope ofthe invention. 
5 Momover, nucleic ac.d molecules encoding Dldt or Dkk-related proteins front 

other spectes and thus which have a nucleotide sequence which differs from the hnman 
~ - WJ "NO:,, SEQ , D NO :4, SEQ ID NO:7, SEQ ,D NO:I3 , S EQ ,D 
NO:20, the nucleotide sequence of the DNA insert of the plaamtd deposited with ATCC 
as Accession Nuntber ,8452, the nuCeotide sequence of the DNA insert of Use piastnid 

DNA tnser, of the piasmid deposited with ATCC as Accession Nutnber 
■mended ,„ he within the scope of the invention. For exampie, a murine"^' cDNA 
naa been tdentified based of the nuCeotide sequence of hunran Dkk-3. The nucleotide 
sequence of murine Dkk-3 (SEQ ID NO: 1 6) enendea a hDkk-3 protein having 349 
-no acid. The nuclide and amino acid sequenees of murine Dkk-3 are depicted in 
F.gur.5. ^'odingregionofmurineDidtOisrep^senWbySEQIDNOlg A 
plasmn, contain^ m e full-length nucleotide sequence encoding mDtk . 3 „ depMittd 
wt* the American Type Culture Coilectton (ATCC), presently in Manassas, Virginia 
otUanua^, 16 , .998 and assigned Accession Number ,8634. 

21 T" ? 88y "' ' iden,ifled ^ ° !a * — — 

Dkk-3. Tie nucleotide sequence of murine Soggy., (SEQ ID NO:2 6 , encodes a pmtein 
havtng 230 amino acids (SEQ ID NO:27). Tie nuCeotide and amino acid sequences of 
tuurtne Soggy, are depicted in Figrue 8. The coding region of muriM Soggy-, is 
represented by SEQ ID NO:28. 

5 of „ jrtr mo,ecuiK co,iesp<>,,<iin8 ,o — ■ varfMs - d ■»»*«-■ 

of the Dkk or Dkk-related cDNAs of rhe invention can be isolated based on their 
homology ,„ the human nucleic acids disclosed hetein using rhe human cDNA or a 
portion themot as a hybridization probe according ,„ ^ hybridization techniques 
undersntngenthybridizationcondition, Examp.es of tissues, .ifcariea m 
for tsoiatton of the subject nucleic acids include brain, spinaI Co* and heart lissu e 
CDNA encoding a Dkk protein (e.g., a hDkk-3 prorcin, can be obtained by bating to* 
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■nvennon can be DNA or RNA or analogs thereof. ' 

According* in another embodiment, an isolated nucleic acid molecule of the 

r>MA , ^ NO.20, the nucleotide sequence of the 

DNA msert of the plasmid deposited with ATCC a • 

wun A 1 as Accession Number tt,«. 
nucleotide sequence of the DNA ,Wrt nf * , * 
or tne UNA insert of the plasmid deposited with ATCC as 

Accession Number 98633, or the nucleotide sequence of th, nxr a • 

followed by one ormore washes in 0.2 X SSC, 0.,* SDS . 5 „ 65 . c ' , ' 

RNA or DNA molecule having a nucleotide sequence that occurs in nati , 

a natural protein). " n3tUre (e *- encodes 
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In addition to naturaJly-occumng allelic variants of the Dkk 
sequences that mavexisfmt^ , • Dkk 0r Dkk -related 

may ex,st m the population, the skilled artisan will fimh. 

changes can be introduced by .nutation into the nucleotide ***** ** 

SHQID N 0,,SH QlDNO ,, SEQIDNO 

5 ° f ^ DNAi --^epla Sm i d depositedwithA?cl? A 

the nucleotide sequence of the DNA insert of the ! " ^ ^ 

Accession Number 98633 or th " ^ deP ° S,ted Whh ATC ^ « 

umoer ¥8633, or the nucleotide sequence of the Hwa - 

depositedwithATCCasAccessionNumber T T "** 

amino acid sequence of the encoded DkJc Dro t~' ' * * 

ammo acid residues can be made in th. non-essential" 

. D No :7 ,sB Q , DNO: ,;~rrr sEQ ' DNo:, - sEQ,DN -'^ 

«■ P-dd depose ^ A TCC M A ° f " DNA *-« * 

,. , ■ cuwunAi CC as Accession Number 9x4s? .i, , . 

15 ° f DNA m **** wiIn ATCC 1 ? • nucleo " de 

*e nuclide sequel of the DNA _ * ^ " A " eSS '°" Nu ""- «B3. or 
Accession Number A "non ° P'asmid deposited with ATCC as 

the sequence of SEQ ID N0 2 SEO FD Mn < „ DkJ< - re,ated s ^"ence) (..*, 

— is teooited foe WologicaI ^ For *" ™ -» - 

alteration. ,y to be amenable to 

Accordingly, another aspect of the invents 
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nucleotide sequence encoding a protein, wherein the protein comori se 
sequence at ,east about 60V o homologous to the amino IT " ^ 

5 SEQ ID NO:2, SEQ ID N05 SEO in N n , m homologous to 

Prefers at least about ^^T^"^"^ 1 ^-""- 
/ icasi aoout 75-80% homologous to SEO in wno ^ ,~ 

NO :8 , SEQ ID NO:14, or SEQ ID NO 2 , \ ' EQ NO:5 ' SEQ ,D 

- -NQ,, SEQIDNO:! , SEQroNO:i4 ; s ;^--EQ,D NO:2 , SEQ 

An isolated nucleic acid molecule encoding a Dkk nmt • u , 
protein of SEQ ID N0 2 SEO ID Nn < * c P h ° mo,0 8 ous to *e 

NO P, l Q ID N0 ' 5 ' SEQ ID N0:8 > SEQ ID NO:14 or SEO ID 

15 SBQIDNO.-13SEOIDNO-20A . ° J ' SEQ ID NO:4 ' S EQ ^ NO:7, 

ity 1U NO - 20 ' ^ nucleotide sequence of the nwA • 

« « ^ ATCC . AccKsion Num < ~ ; f ^ "7 

*• DNA inaer, of , he plasmid deiMsitt(1 ^ ' S f' "» —«* of 

-h= nuclide se,„e„ce „ fthe DK A insen ^ " - 
Accession Number such ™" P,aSm ' d * , " , "« *' h AT « as 

20 demons are ~ — —« aodllio. or 

SEQ ID NO: I, SEQ ,D UoTs^ZoiZ ^ " " iM ° 

ot the Plasmid deposited with ATcr *«, 
Accession Number 984*5? th„ „ i •_■ witn ArcCas 

uinoer y«452, the nucleotide sequence of the. nw a • 

^posted ^ ATCC a, Action Number J 33 t ^ 

- DNA lose of rh. Plasmid deposited ^Zrcc «T 

•tad* such as aL-directeT A{xess,on Number . by 

non-esseuual amino aeid residues A "™ " °" ~ ~ 

which me arniao Kid ^ „ „ p ,^ — - - one in 

30 side chain. Fam ilies of amino ft """ **' 8 ^ 

— in me an ; lr LI 7' ^ ^ "* **" ^ ^ 

These famrhes melnde amino acids with basic sid e chains (,.». 
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^nine, histidine), acidic aide chains (eg „ ^ acid , 
nncharged poia, sid c chains (a.g, giycine, aspa^, gluBmine ^ 
■yroame, cysteine), nonpo,. sida chains ^ ^ ^ ^ ■ 
prohne, phnnyiatain.; methionine, nyptopta,,, toa . brajlcheli sjde chains ' 

valina, isoienaine, and aromatic sid e ahnina (e.g., ,y rosine , phenylaJmi „ e 
Wopnan, h,s,idi„e, Tho, for example , . „ _ ja| ^ ^ 
DUt ptotnm fe, one „„, iocated in a eysteine-nch domain, is preferably rep]aced 
wtft another amino acid residue fmm tho same side chain famiiy. Alternatively, in 

Dick.nda.ed cod,ng sconce, snch as by sauna,™ mmageiMsiSi ^ ^ 

mounts can be screened foe biologiea, ac,ivi,y w identify . „,,, retai „ actjvj(y 

w ATCC as Accession Nomber 9,452, the nucleotide seance of the DNA insert of 
the plasnod deposiied with ATCC « Accession Number 9.633, or ,he nucleotide 
~<uence„f,heDNAi„se,,of,he P ,asmid deposited with A TCC as Accession Number 
_ fte encoded pro,ei„ can be expressed recombinant* and the activity of*, 
protein can be determined. 

^mtmcellolarcnkitnn, an increase ^ phospbaiidyiinoai.oi o, orber moiecnic, and can 
m pbosphoryUUon of specific proteins, a m od ulation of gene io „ 

and any of tha other biological activities set forth herein. 

In a preferred embodiment, a motan, Okie or Dgk-telated pmtein can also be 

aasnyad fer dte ahihty to „, modoiate ceUaiar aignai ^on, either „ „„„ „ „ 

vtvo; (2, reguiata eommonieation between ce„s; (3, nagniata axpression of genas whose 
expresston ,a modniatad by binding of Dkk (e.g., hf.U-3, to a teceptor; <4) re g „, ale 
gene ^option in a ee,, involved in development or differentiation, either in 
- vtao; (5) regolate cellular prolifemtio, aithar in v„ ro on , vivo; «, form JT 
matnnnn ordered spatia, amangements of differentiated tisanes in vertebrates- ,7, 
moduiata aai, death (,g. aai, sorvival); (»> reguha ^ ' 

immune system function. noauiate 
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In addition to the nucleic acid molecules encoding Dkk or Dkk-related proteins 
descnbed above, another aspect of the invention pertains to isolated nucleic acid 
molecules which are antisense thereto. An "antisense" nuc.eic acid comprises a 
nucleotide sequence which is complementary to a "sense" nucleic acid encoding a 
5 protem, e.g., complementary to the coding strand of a double-stranded cDNA molecule 
or complementary to an mRNA sequence. Accordingly, an antisense nucleic acid can 
hydrogen bond to a sense nucleic acid. The antisense nucleic acid can be 
complementary to an entire Dkk coding strand, or to only a portion thereof. In one 
embodiment, an antisense nucleic acid molecule is antisense to a "coding region" of the 
10 codingstrandofanucleotidesequenceencodingDkk. The term "coding region" refers 
to the region of the nucleotide sequence comprising codons which are translated into 
ammo acid residues (,*, the coding region of human Dkk-3 corresponds to SEQ ID 
NO:3, the coding region of human Dkk-4 corresponds to SEQ ID NO:6, the coding 
reg 10 n of human Dkk-1 corresponds to SEQ ID NO:9, the coding region of human Dkk- 
15 corresponds to SEQ ID NO:22, and the coding region of human Soggy corresponds to 
SEQIDNO:15). In another embodiment, the antisense nucleic acid molecule is 
antisense to a "noncoding region" of the coding strand of a nucleotide sequence 
encoding a Dkk or Dkk-related protein. The tenn "noncoding region" re f ers to 5" and 3' 
sequences which flank the coding region that are not translated into amino acids (/ e 
20 also referred to as 5' and 3" untranslated regions). 

Given the coding strand sequences disclosed herein {e.g., SEQ ID NO:3, SEQ ID 
NO:6, SEQ ID NO:9, SEQ ID NO: 1 5, or SEQ ID NO:22), antisense nucleic acids of the 
mvenuon can be designed according to the rules of Watson and Crick base pairing The 
annsense nucleic acid molecule can be complementary to the entire coding region of a 
Dkk or Dkk-related mRNA, but more preferably is an oligonucleotide which is antisense 
to only a portion ofthe coding or noncoding region of the mRNA. Forexample the 
anusense oligonucleotide can be complementary to the region surrounding the 
translation start site of Dkk mRNA. An antisense oligonucleotide can be, for example 
about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, or 90 nucleotides m 
length. In a preferred embodiment, an oligonucleotide is about 30-90, preferably about 
40-80, more preferably about 50-70 nucleotides in length and is antisense to a portion of 
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SEQ ID NO:l from about nucleotides 1-150. In another embodiment, an 
oligonucleotide is antisense to a portion of SEQ ID NO:4 from about nucleotides 25- 
225. In another embodiment, an oligonucleotide is antisense to a portion of SEQ ID 
NO:7 from about nucleotides 1-200. In another embodiment, an oligonucleotide is 
5 annsense to a portion of SEQ ID NO:20 from about nucleotides 625-825. In yet another 
embodnnent, an oligonucleotide is antisense to a portion of SEQ ID NO:13 from about 
nucleotides 1-175. 

An antisense nucleic acid of the invention can be constructed using chemical 
synthes,s and enzymatic ligation reactions using procedures known in the art For 
10 example, an antisense nucleic acid (e.g., an antisense oligonucleotide) can be chemically 
synthesized using naturally occurring nucleotides or variously modified nucleotides 
dcgned to increase the biological stability of the molecules or to increase the physical 
stability of the duplex formed between the antisense and sense nucleic acids, * g. 
phosphorothioate derivatives, acridine substituted nucleotides, can be used 
15 Alternatively, the antisense nucleic acid molecule can by synthesized to increase 

transport across cellular membranes, e.g., methylphosphonate derivatives. The antisense 
molecules can include a 3'-termina. cap (e.g., a 3'-aminopropyl modification), a biotin 
moiety, or even a 3'-3' terminal linkage. 

Examples of modified nucleotides which can be used to generate the antisense 
20 nucleic acid include 5-fluorouracil, 5-bromouracil, 5-chIorouracil, 5-iodouracil 
hypoxanthine, xantine, 4-acetyIcytosine, 5-(carboxyhydroxylmethyl) uracil 5- 
carboxymemylammomemy,- 2 -^^ 

dmydrouracil, beta-D-galactosylqueosine, inosine, N6-isopentenyladenine 1- ' 
methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-methyladenine 2- 
25 methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 7-methylguanine 5- 
methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil beta-D- 
mannosylqueosine, S'-methoxycarboxymethyluraci., 5-methoxyuracil, 2-methylthio-N6- 
.opentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, queosine 
2-th.ocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5- 
30 oxyacetic acid methylester, uraci,-5-oxyacetic acid (v), 5-methyl-2-thiouracil 3-(3- 

ammo-3-N-2-carboxypropyl) uracil, (acp3)w ; and 2,6-diaminopurine. Alternatively the 
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antisense nucleic acid can be produced biologically using an expression vector into 
which a nucleic acid has been subcloned in an antisense orientation (i.e., RNA 
transcribed from the inserted nucleic acid will be of an antisense orientation to a target 
nucleic acid of interest, described further in the following subsection). 
5 The antisense nucleic acid molecules of the invention are typically administered 

to a subject or generated in situ such that they hybridize with or bind to cellular mRNA 
and/or genomic DNA encoding a Dkk or Dkk-related protein to thereby inhibit 
expression of the protein, e.g., by inhibiting transcription and/or translation. The 
hybridization can be by conventional nucleotide complementarity to form a stable 
) duplex, or, for example, in the case of an antisense nucleic acid molecule which binds to 
DNA duplexes, through specific interactions in the major groove of the double helix. 
An example of a route of administration of antisense nucleic acid molecules of the 
invention include direct injection at a tissue site. Alternatively, antisense nucleic acid 
molecules can be modified to target selected cells and then administered systemically. 
For example, for systemic administration, antisense molecules can be modified such that 
they specifically bind to receptors or antigens expressed on a selected cell surface, e.g., 
by linking the antisense nucleic acid molecules to peptides or antibodies which bind to 
cell surface receptors or antigens. The antisense nucleic acid molecules can also be 
delivered to cells using the vectors described herein. To achieve sufficient intracellular 
concentrations of the antisense molecules, vector constructs in which the antisense 
nucleic acid molecule is placed under the control of a strong pol II or pol III promoter 
are preferred. 

In yet another embodiment, the antisense nucleic acid molecule of the invention 
is an a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms 
specific double-stranded hybrids with complementary RNA in which, contrary to the 
usual p-units, the strands run parallel to each other (Gaultier et al, (1 987) Nucleic Acids. 
Res. 15:6625-6641). The antisense nucleic acid molecule can also comprise a 2'-o- 
methylribonucleotide (Inoue et al, (1 987) Nucleic Acids Res. 15:613 1 -6148) or a 
chimeric RNA-DNA analogue (Inoue et al, (1987) FEBS Lett. 215:327-330). 
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caalyically cleave Dkk „, Dkk-relafcd mRN4 , """"'"l "» "» <•"•> <° 

of Dkk or D,d,re,a t ed mRNA A ritol ^ ^ '° ^ "** — — 

10 NO.-7, SEQ ID NO:,3, SEQ ,D NO20 ,he ,' ' Q ' D "°*- SBQ ,D 

plaamid deposit ^ AT c c " " UCle< "" te -»™» ° f *• ™A insert „ f , he 

u wun a i cc as Accessmn Number 984 tt, 
.he DNA teen „f fc plasmid * 98 « 2 - *• —* aeqaence of 

nucleotide sequence of u* acive ah, . , "«™*cl in which ,he 

- Cech „„,.. us. PaIem No ««■ "«™ No. 4.987,07,; 

1418. U""3) .Stance 261:1411- 

Alternatively, gene expression can hei„U',^ 
promoter and/or enhanced , n f • , ^-related gene (e.#, the 

6(6):569-84;Helene ) C.«./ fl9 J' ^ 
25 (.992) «^ 14(12,^,5 ' * 66 °' 27 - 36; - ^ L 

In yet another embodiment, the nucleic acid molecules of the 
can be modified at the base , molecules of the present invention 

* M "** «« — ^ nucleic acids- or "PNAs" 
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hybn *™'°»«oD NAandRN N^ha, been ^ ,„ ^ 

1 4670-675. ( 1 «pra; Peiry-O'l^f 

PNAsofDkkorDkk-reJated 

— acid m o,eeu,e s caj , ^ be ^ ™A S of DU[ or 

fr*. »y PNA-d ire «ed PCR J* " *• -** tee pe ir " ^ 

uspH;« , K c,am PuifiV as • , stations in a 

or as probes or primers for DNA « ' (e *' SI "Meases ( Hyrup „ 

** "«n 6 ^ ^ ^~de fc PNA po^oo would J£ 

30 ""-"Mednuc/eorideaoaio,, f "" >,, "' 0rami '"<"oupU„ s cll . 

(Mag, M. et 
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" 0989) Nucleic Ac* Res. 17:5973-88) PNAmon 

segmm (Finn PJ. „ „, (1996) and a r DNA 

—ad „ ith a , DNA 17 , ^ *"* ~ * 

a 3 una segment and a 3' PMa «.„™„, /D 

5 Oaa^fc^ Chem. Leu. S UK-nm) ' * ( " ?5) 

In 0<har embod,' m .„ K , the olig„„ ucleotide 
^haapepide^^ f,, '"*<fc °<har appended groups 

-P°* across U,e ee„ JL. £ ' 7 ^ 

W(aee,e. s ,PCTP„b,iea UonNo W089/,on4 J ° d "'" ain 
o„ g o„ uc ,e Mi(fes ean be n,„d ir L ^ ^ ^ 

^,2nn(,98 8) ^ m . te5:539 . 54 ; " ' 58 - 9 ' 6 > « —«*■»• .gen*. (Sre , 

^^-^«n„ 8 e„ s :j^::i K ~^ 

DWr-retaed ^ can te ^ « -*■*—. nadve DU o, 

embodiment, p roteim « produced P ,eCh """-- *> ™,her 

30 fron, enemica, precureors „, ^ "'^ » ««4, or subsandaUy free 



m 

WO 00/52047 

PCT/USOO/05452 

- 48 - 

which pro*™ is ^ ^ compMaiB of ^ ceus wwd] 

-*« or reconu^ produced . ,„ Me embodjmemi fc |Mguage 

^ 0f ^;— -,^ P ^ taofDkkorDkl . relaied y 

*■ *. o. < by * weight) of no „. Dkk m nM ^ reuted 

„o„r Prolem or „ on . Dtl , elattd prottto md raost preferabiy iess 

o - Dkk p rot e,„ or n01 , Dkk . related proKi „ ^ ^ ^ ^ Dkt _ reteKd 
b,o.„ 8 ,ea y active portion Wl| recombiMMly j( 

.o f of culture medium u< cu|(ure ^ represenB ^ ^ ^ 

20/., preferaWv less _ abou , ^ ^ most prefab|y ^ ^ a ^ 
the volume of the protein preparation. 

.acmes preens „ f Dkk or Dkk . re|ated ^ ^ ^ ^ 

fron, chen^a, p™ „ r chemicals whic „ ^ inv(j|ved fc ^ ^ 

-n one en,bod„„e„«, *e lan^e "saba^W,, fe of chemica] _ 
"^"■-ci^P^^ofD^^^^^^ 
^ wc, 0 of ehe mi ca, precnrsors, non-Dtt chemicaJ , o r „o„- Dkk . relattd chemi J s , 

IT! , ic " s ' s,i " more preferaWy ,ess ta ab ° u ' «* *— ' — 

no,™ «, or non-D^Ia,* chendoaU, and most preferably less ^ ^ 
/. che„,ca, p^orsors, „„ n . Dkl chemtellSi „ non . Dkk , elaKd 

B,ologicail y acdve portions of a Dick or Dklc-,ela>ed pro,ei„ inc.ode peptides 
comp„ s ,„ 8 amino acid seque „ ces sufl . ctatly homo|ogous ^ ^ ^ ^ 

strZ It ^ OT Dkk ■ re,a,e<, ~* ■*■ - — — in 
1 blO:5, SEQ ID NO:8, SEQ ID NO: 14, or SEQ ID NO:2 1 , which 

: an,ino acids ,ha " *• m *■* - - »ne „ f 

a Dkk or Dkk-related protein Tvnicallv M„u • i. • 

ornnrif •* , ^ Ty P ,caI1 * biolo gl cally act,ve portions comprise a domain 

A biologically 

more amino acids in length. ' 
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In .note cnbodtaem, a biologicaHy acivc portion „f , Dkt „,„, . . 
a Soggy „) contprisaa „ , eM . J\ n°faDkk-related 
biologicaHy apportion of, Dick rata, H domain. In ,e, another em b„ oiment , a 

re ' aled '' rote,nM nipri« S aUea SI a signal aeouenoa 

active portion of a protein of the preS e„ t * "^S^ 

NO-2 In an th f * ^ 55% h ^ogous to SEQ ID 

NO.2. In another preferred embodiment the Dkk n™, ■ u 

25 showninSEOlDNO-5nr ■ ' ^ Pr ° te,n has 311 ^ acid sequence 
SEQ ID NO-5^ 1^ h 3011110 ac ' d sec l u ence at least about 35% homologous to 
bbQ ID NO.5. In another preferred embodiment the Dkk nmt. k 
sequence shown in SEQ ID NO-8 o ■ ? 38 ^ add 

5>fcQ ID NO.8 or an amino acid sequence at least about 85»/ 0 

30 35% h„ ra „,„ gous „ seq ID , ' ° f ~ - abou, 

V? lu NO. 14 or an ammo a CI d sequence at least 
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about 60% homologous to SEQ ID NOl4 In «... • 

protein of the present invention m •' ' lUan0ther P refe ^d embodiment, a 
P-feraWyabou, 60-65% and. abo ut 50-55%, even more 

According h mother em *" W ■ **»< ■ -teed. , above. 

NO:2,SEQ,DNO:5, SEQIDNO* SEO hTnt* no ^"ence of SEQ ID 

no,, seq , D N0:M , or S ZZ 0 T Q ,D N ° :2 ' SEQ ,d no ' 5 - ^ "> 

NO:14,orSEQIDNO-2, more , ±! SEQ ID NO:5, SEQ ID NO:8, SEQ ID 
» PreferaWy a, feasrabou, 90% „„ J' ' " SEQ ' D N0:21 ' — «« 

No: 8 ,sEQ,D N o, 4 ,o::;t:;rr Q,DNo:2 ' sE<5 '--.^- 

more h„ ra o, ogous „ S£Q , D NQ , 2 ^Tj^ '"**>' « •« aboa, ,5% or 
SEQIDNO.-21. ~ SEQ ID NO: 8 , SEQ IDNO:I4 or 

To de.enr.ine the percen, homo| 

» -* adds, , he ^ „ f op I, ' SC,UCnCCS " 

be produced to ft. scauenoe „ , * «"*— P-Poaes (e. ff , gaps ca „ 

for eo mp » iso „ ^ * — a^ence 

least 30/,, preferably at least 40%, more 
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preferably at Jeast 50% eve n m 

(«■*, when aligning a second *""» » which i, „ aliened 

- leas, ,05, preferab , y . ^ UK m — - ~ of SBQ , D 
' I-*-*- a, ,eas, 2 ,0, ^ eVM '« - I- .75, even more 

~ b occupied by Ihe ^ ^ ~ «*en a posidon i„ lhe flra 

in ». ^ sc ,„ ence ih£n « «*. —eh*, as fc mn 
'<> an,i„o a e id „ r „ ncleic ^ - «— . a, una, ^ fo J 

^percen, idend* ^ „ » — - — 
-~ide M ic, p^ons ^ * * - . b a fcnedon ofthe 

8 * - *• '"8th of each 8 ap, w„ J ' 7^ ,alin8 '" ,0 —« — * 
»" .wo sequence, '""^ """ '""°""ced f„ ropliraal a , 

fhe eomparison of sequences and H 

Pn>gran, in U* oco s « «» » de,e™„ed ^ ^ 

"^CMPn^^ C b : a, ^^-).^a 

- - - sequences is ^2 T"' »— '« -*» 

M«W ( CAB,o S , ^ J a,80ri ' h, " ° f E M — - »■ 
(— 2.0), using a PAM120 — P— i«o una ALIGN p rogram 

Sap penally of 4. K " k ' a S a P fenglh penalty ofl 2 and a 
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The nucleic acid and protein sequences of the 

using the NBLAST and XBLAST programs r ^ Can ^ Panned 

* 2,5*8-* BLASTnu Ir 'T"^'^**^ 

wnr a ct nucleotide searches can be _, 

— -id fences homologous ,o ' ~ """° ,e '' e,h " 3 » 

■» «- a w„, s fc comparison pu * ~ „, fc , nveMlW To obtajn 

*«fed fa Atachul e,a< n W71 1 T ^ BUST «" •» «««d as 

TtamvooUo ieehtt P 7/ »^*»«.nl„,. nin8( , v . 
15 - a ., nimen , pro , d ,. m . " ° * ta c oe fosioo prottill , As 

P0lypep, id e operalive|y »«- irises a Dkk or Dkk . re ,a, ed 

"aviog « amioo acid se, uence C0TO ' — * a P».ypop,i d e 

» "avi„ 8 an ^ acid ^ P °'~' — » * 

correspond t oa II „ r apo ni onofa DkkorDtl[ 

acdva po ra ,„ of . m prottjn h a, leasl „ ne 

«— Pro tti „ compos a, leas, ,w„ bio^L 3 "* " 

3 ° **n *. Wop p rolein , JJ^Trr ° f 3 * ° r D ^.ed protei „. 

reiated Polypeptide are 
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fused in-frame to each other. The non-Dkk or non-Dkk-related polypeptide can be fused 
to the N-terminus or C-terminus of the Dkk or Dkk-related polypeptide. 

For example, in one embodiment, the fusion protein is a GST-Dkk fusion protein 
» wh,ch the Dkk sequences are fused to the C-terminus of the GST sequences. Such 
5 fusion proteins can facilitate the purification of recombinant Dkk. 

In another embodiment, the fusion protein is a Dkk or Dkk-related protein 
containing a heterologous signal sequence at its N-terminus. For example, the native 
Dkk s.gnal sequence (i.e, about amino acids 1 to 23 of SEQ ID NO:2) can be removed 
and replaced with a signal sequence from another protein. In certain host cells (. g. 
10 mammalian host cells), expression and/or secretion of Dkk or Dkk-related proteins can 
be increased through use of a heterologous signal sequence. 

In yet another embodiment, the fusion protein is a Dkk-immunogiobulin fusion 
protein in which the Dkk sequences comprising primarily the Dkk cysteine-rich regions 
are fused to sequences derived from a member of the immunog.obulin protein family 
15 Soluble derivatives have also been made of cell surface glycoproteins in the 

•mmunoglobulin gene superfamily consisting of an extracellular domain of the cell 
surface glycoprotein fused to an immunoglobulin constant (Fc) region (see e.g., Capon 
et al. (1989) Nature 337:525-531 and Capon U.S. Patents 5,1 16,964 and 5,428 130 
[CDWgOl constructs]; Linsley, P.S. etal (1991)./. Exp. Med. 173:721-730 [a CD28- 
20 Igoi construct and a B7-MgGl construct]; and Linsley, P.S. et al. (1991)7. Exp. Med 
174:561-569 and U.S. Patent 5,434,131[a CTLA4-IgGl]). Such fusion proteins have 
proven useful for modulating receptor-ligand interactions. Soluble derivatives of cell 
surface proteins of the tumor necrosis factor receptor (TNFR) superfamily proteins have 
been made consisting of an extracellular domain of the cell surface receptor fused to an 
25 .mmunoglobulin constant (Fc) region (See for example Moreland et al. (1997) N Engl 
J. Med. 337(3):141-147; van der Poll etal. (1997) Blood 89(10):3727-3734; and 
Ammanne/ a /. (1997) J. Clin. Invest. 99(7): 1699- 1703.) 

The Dkk-immunoglobulin fusion proteins of the invention can be incorporated 
mto pharmaceutical compositions and administered to a subject to inhibit an interaction 
30 between a Dkk ligand and a Dkk receptor on the surface of a cell, to thereby suppress 
Dkk-med,ated signal transduction /„ v/vo. The Dkk-immunoglobulin fusion proteins 
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<*n be used to affect ft, bio»vaihbil ily of a nt* 

"sand/DI* interac , joi , * ^ receptor. » b/lio „ of ^ 

'"hiWin 8 ) development responses " " " <*» . Promoffpg „ 

~ * stands ^ *«* »f the invemion „ 

— «- termini for ligation, resmc „„ —*« blunt-ended „ r 

appropriate tetmim, ^ **— » provide for 

-annen, ,o avoid unteiraWe . ^'o^- ^line phosphate 

' 5 *• «- gene can be ^ ^ ™° — embodimem, 

- aaing anchor primer, which 8ive rise , 0 " "~ - «» earned 

^-^-^eaniccrrTr 85 ^"^ 

generate a chimeric gene sequence (see for " ^ » 

-era are cornea,,, ^ ^ -» expression 

Polypeptide). ADtk^„ c „ din8I1110|e . nc °de a fttston moiety (e.g. , a og-p 

~* - ^ Coned into Jl^L " — • ' 

^ in.ta,, , 0 ^ ^ — »-* *- fte fusion moietv is 

»r u^carion of a Okk « D ™ " ""^ **' *— 
— Proteins eao relain su J ^ — - agonia, 0 f the Dkk . Dk „. 

M — * oaoorriog form of a ^ * T 7 ' ^ ^ ^ 

" "*"■««• Protein can inhibit one „ r „ ! ° f * «* 

oneormo,eofme MIWuesof , hena , ural|yocciim . ng 
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form of the protein by, for example, competitively binding to a downstream or upstream 
member of a cellular signaling cascade which includes the Dkk or Dkk-related protein. 
Thus, specific biological effects can be elicited by treatment with a variant of limited 
function. In one embodiment, treatment of a subject with a variant having a subset of 
5 the biological activities of the naturally occurring form of the protein has fewer side 
effects in a subject relative to treatment with the naturally occurring form of the Dkk or 
Dkk-related protein. 

In one embodiment, variants of a Dkk or Dkk-related protein which function as 
either agonists (mimetics) or as antagonists can be identified by screening combinatorial 
10 libraries of mutants, e.g. , truncation mutants, of a Dkk or Dkk-related protein for protein 
agonist or antagonist activity. In one embodiment, a variegated library of Dkk or Dkk- 
related variants is generated by combinatorial mutagenesis at the nucleic acid level and 
is encoded by a variegated gene library. A variegated library of Dkk or Dkk-related 
variants 9 an be produced by, for example, enzymatically ligating a mixture of synthetic 
1 5 oligonucleotides into gene sequences such that a degenerate set of potential Dkk or Dkk- 
related sequences is expressible as individual polypeptides, or alternatively, as a set of 
larger fusion proteins (e.g., for phage display) containing the set of Dkk or Dkk-related 
sequences therein. There are a variety of methods which can be used to produce 
libraries of potential Dkk or Dkk-related variants from a degenerate oligonucleotide 
20 sequence. Chemical synthesis of a degenerate gene sequence can be performed in an 
automatic DNA synthesizer, and the synthetic gene then ligated into an appropriate 
expression vector. Use of a degenerate set of genes allows for the provision, in one 
mixture, of all of the sequences encoding the desired set of potential Dkk or Dkk-related 
sequences. Methods for synthesizing degenerate oligonucleotides are known in the art 
25 (see, e.g., Narang, S.A. (1983) Tetrahedron 39:3; Itakura et al, (1984) Anna. Rev. 

Biochem. 53:323; Itakura el al, (1984) Science 198:1056; Ike et al., (1983) Nucleic Acid 
Res. W AIT. 

In addition, libraries of fragments of a Dkk or Dkk-related protein coding 
sequence can be used to generate a variegated population of Dkk or Dkk-related 
30 fragments for screening and subsequent selection of variants of a Dkk or Dkk-related 
protein. In one embodiment, a library of coding sequence fragments can be generated by 
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treating a double stranded PGR fr agment of , Dkk 
^er conditions whereinnickingoccurs 

S Portions fron. reformed dup.exes by treatme ^ ^ "* 

hbrary can be derived which encodes N-termina, C te eXPreSS1 ° n 
various sizes of the Dkk protein. ^ ^ «* 

Several techniques are known in the art for • 

,o — - — * point m j f : s rrr ~ uc,s ° r 

*r gene products having . ^ ™^ 7 - * — * c DNA 

* d ~ 1*- genemted b y t^n^T " ^ " 

or Dkk-mlated proteins Then™, •, . combinatorial mutagenesis of Dkk 

—Ling library „f vecto „, ^ ' , ™-*—« «W. ceils with Ihe 

-*osep,„d„c, wasdeKcled "; faC ' ,, ' i ' eS ' M, "» < '- f *-ee,„ r e„codi„ glhe8ene 
□elected. Rectusive ensemble mutagenesis rittFaai 

20 combination with the semen,™.* . UB " tS ,n,he " bra "«. can be used in 

OH* «. 78 , I " % "* ^ <A ' ki " ~ rburvan 

In „ I !■ <I993) 6(3) 327 «„ 

In one embodiment, cell based assays « n u , . °(3)-327-33l). 

Dkk Or Dkk-mlated librtuy For examn T " ^ * 

= dependent manner. Tbenar.fec.ed J ' TOP " b,0 " m * b a Dkk- 
measuring any of a number of immune 1 **■ 

— ----^~ r in i :;rr ca "' he " te 

*- induction, and tbe individual Cones nar^e"'' ~" « 
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An isolated Dkk protein Dkk relate 
- ^ -d as an taJL. ! ° S,ed ProK '"' °' * «-*• - .hereof, 
proteins using standiuTtKhn 8e " era,e aMibodies that bind Dkk or Dick-related 

Dkk ccanprises a. _ , ^ ^ ^ or 

encoropasses an epirope of Dkk o, D^, , H ' " ^ '° - 

**- thepe p „ da fo l a " ; W " relaKd — *- - «** raised 

Profenabiy a, least 30 mim — 2 ° — - most 

Preferred epitopes encompassed bv the *„t,„ • 

15 regions. °° "* ° f <«, hydrophiiic 

A Dkk or Dkk-relaled imnronog e „ , yDica , lv , „ 

itnmuni 2 i„ ga saiabh subjec , " ^ " * "X- -*»*. by 

wwjc^i, rabbit, goat mmiQP ^ 

■rorounogan. An a PP ro P ria,e immmoge „ ic ' ^ " ~ * 0 -» - 

-orobtanny erased Dkk or Dkk eTl " ^ * — * 

» Dkk. rela ,e d po^, The prepara tr» p ^;; ora ,t mica " y ~- °* - 

."duces a polydona, mi .Dkk antibody reap0Me PrePara "°"- 
Accordingly, another aspect of the i„v„ ♦• 
* we,, as an.obc.ies ,„ Dkk-ro,I ^ ~ » ««* — *- - 

<— *** nroieces and ^ " - — - 



and 

an enzyme such 
Dkk 
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orDkk-related poJyp eptides . The term W , 

-POSiUW, . used herein> ^ ~ antibody" or . W]onaj 

5 a single binding 1^ ^ «** composition thus 

with which it immunoreacts 

particular Dkk or DkJc-related orotein 

Polyclonal antibodies can „- 

.** * a Dkk :;r re "t * descnbed ab ° ve » *— * . 

"-own .ecnnl^ such „ protei ; A ^° m * *•« - **- panned oy we „ 

" Pacing cell, can be oblained ' *' "<« « highe*. anubody- 

-bodies * aandard tec J q lf: ~ - • -P- "onoCona, 

* Kohler a„ d Mjlstein (WJ) ^ ^^*»- origin^ described 

Awwf 127:539-46, Brown a cl .. BroW " " <*■ «*">./ 

» — . human B ce„ hybridoma Kcnni, e ^ ' °~ <■» — 

AlanR. Uss , tac ._ pp ' " 985) - ^^-WtadWcw 

Pacing m „„„c, 0KI , J™"* The .eehnoiog, f„ r 

Kenned,, i„ 4*^^^" " - *— * - — ,ly R- H. 

25 New Yo*, New y orit 0 0^7" ***""-»«* 

54:387-402; M..L. Defter „»/ (,o 77) . v L ™»(I°81) y^ 

>— «a m ;:i ^i g t M3, - 36> - 

*» a man.ma, immuni2ed ^ J ° (Really splenoc^, 

«l cuhure anpemaun,, of dm re$u „ ine h ~"" "° mUn ° gM ^ described above, 
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Any of the many well known protocols used for fusing lymphocytes and 
"nmortalized cell lines can be applied for the purpose of generating a monoclonal 
antibody (see, , G. Galfre * al, (1977) Nature ^ ^ ^ ^ ^ 

Genet., cited supra; Lerner, Yale J. Biol. Me,., cited supra; Kenneth, Monoclonal 
Antibodies,c^ SU p ra) . Moreover, the ordinarily skille d worker will appreciate that 
there are many variations of such methods which also would be useful. Typically the 
•mmortal cell line (e.g., a myeloma cell line) is derived from the same mammalian' 
species as the lymphocytes. For example, murine hybridomas can be made by fusing 
lymphocytes from a mouse immunized with an immunogenic preparation of the present 
.nvennonwithanimmortalizedmousecellline. Preferred immorta. cell lines are mouse 
myeloma cell lines that are sensitive to culture medium containing hypoxanthine 
ammopterin and thymidine ("HAT medium"). Any of a number of myeloma cell lines 
can be used as a fusion partner according to standard techniques, e.g., the P3-NS1/1- 

Ag4-l,P3-x63-Ag8.653orSp2/0-Ag,4myeloma lines. These myeloma lines are 
available from ATCC. Typically, HAT-sensitive mouse myeloma cells are fused to 
mouse splenocytes using polyethylene glycol ("PEG"). Hybridoma cells resulting from 
me f USI on are then selected using HAT medium, which kills unfused and unproductive.y 
fused myeloma cells (unfused splenocytes die after several days because they are not 
transformed). Hybridoma cells producing a monoclonal antibody of the invention are 
detected by screening the hybridoma culture supernatants for antibodies that bind Dkk or 
Dkk-related protein, e.g., using a standard ELISA assay. 

Alternative to preparing monoclonal antibody-secreting hybridomas a 
monoclonal antibody can be identified and isolated by screening a recombinant 
combmatonal immunoglobulin library (e.g., an antibody phage display library) with 
Dkk or Dkk-related protein to thereby isolate immunogiobulin library members that bind 
Dick or Dkk-related protein. Kits for generating and screening phage display libraries 
are commercially available (e.g., the Recombinant Phage Antibody System 

^Na27^, ;aBdltas— ^^^^^^^ 

2406.2). Additionally, examples of methods and reagents particularly amenable for use 
m generatmg and screening antibody display library can be found in, for example 
Ladner et al, U.S. Patent No. 5,223,409; Kang * „/.. PCT International Publication No 
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WO 92/18619; Dower et al PPT in. 

et al PCT r , ■ Inte ™t,onal Publication No. WO 91/1 727, • Win, 

et al, PCT International Publication WO 92/20791 • M m , 

Publication No. WO 92/1 5679- Bre tr " °'" ^ Intemationa ' 

93/01288; McCafferty e , o/ p CT rl " ^ ^ C ^ Interna tional Publication WO 

Fublicaio. No. WO 90/02,09; (,99,)^ ' 

(.«)«« ^ ^ mat3 . 8 " *>370-,372; H ay 

Nuc. Acid Res. 19 4133 4H7- r u y,373 - ,3 77; Hoogenboom e, a/.. 

in«nUo n . Such chin,™ a „„ „ ' ' " **** °™« 

« IlllenM , iona) Ap ; c ;;;7^--~ * 

P »'°<Apph« ion , 84 , 187;T "^'^^Ak,™,,,,,,.^ 
European Patent Application 1 73 404- w«.k 

.3.352,-3526; S m (1 987) ^AStS 84:2 M 21^" " *""""*°' 
** °— *« 8 ™»-,559); Monison , S . L ^ -*0^ 
^321:552-525; VerixK,™*,,, n«l ^ '* W 



WO 00/52047 

PCT/US00/05452 

- 61 - 

An antibody (e.g., monoclonal antibody) can be used to isolate Dkk or Dkk- 
related protein by standard techniques, such as affinity chromatography or 
immunoprecipitation. Anantibody can facilitate the purification of natural Dkk or Dkk- 
related protein from cells and of recombinant* produced Dkk or Dkk-related protein 
5 expressed in host cells. Moreover, an antibody can be used to detect Dkk or Dkk-related 
protem (e.g., in a cellular lysate or cell supernatant) in order to evaluate the abundance 
and pattern of expression of the Dkk or Dkk-related protein. Antibodies can be used 

d. agnostically to monitor protein levels in tissue as part of a clinical testing procedure 

e. g, to, for example, determine the efficacy of a given treatment regimen. Detection can 
10 be fachtated by coupling (/.*., physically linking) the antibody to a detectable 

substance. Examples of detectable substances include various enzymes, prosthetic 
groups, fluorescent materials, luminescent materials, bioluminescent materials, and 
radioactive materials. Examples of suitable enzymes include horseradish peroxidase, 
alkaline phosphatase, P-galactosidase, or acetylcholinesterase; examples of suitable 

1 5 prosthetic group complexes include streptavidin/biotin and avidin/biotin; examples of 
su,table fluorescent materials include umbelliferone, fluorescein, fluorescein 
isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or 
phycoerythrin; an example of a luminescent material includes luminol; examples of 
bioluminescent materials include luciferase, luciferin, and aequorin, and examples of 

20 suitable radioactive material include ,25 I, 131 1, or 3 H 

III. Recombinant E xpression Vec tors and Host C*n* 

Another aspect of the invention pertains to vectors, preferably expression 
vectors, containing a nucleic acid encoding Dkk or a nucleic acid encoding a Dkk- 
related protein (or a portion thereof). As used herein, the term "vector" refers to a 
nucleic acid molecule capable of transporting another nucleic acid to which it has been 
hnked. One type of vector is a "plasmid", which refers to a circular double stranded 
DNA loop into which additional DNA segments can be ligated. Another type of vector 
•s a viral vector, wherein additional DNA segments can be ligated into the viral genome 
Certain vectors are capable of autonomous replication in a host cell into which they are 
introduced (e.g., bacterial vectors having a bacterial origin of replication and episomal 
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mammalian vectors). Other vectors (e e „ 

integrated into the geno me of a host ce,l uo ^ - 

Meeting the expression of genes to wh.Vh ,„ «* Ca P ab,e <* 

-xaUtaM DMA technic m * ral ' vectors „f ulilily ,„ 

sp^^, .. plasmid . md .. vec[or !^ n f °™ <*■*-■*. ,„ „,e present 
mos, colonic ^ foral of ^ - «* P-asntid is *e 

SUCh 0to f °™ »f "predion vectors such , ' T"™' 0 " " , ' W ™ W <• b** 

'° — *- - ade„o.a,oci ZT T" ^ 

factions. ^ ""•«* »Wch serve equivalent 

The recombma,,, expression vectors of ft. , - 
*• invention i„ . fomi suiuhk ° S *» — « uprise a nncleic acid of 

' 5 ^ Ue " c «.^do„ lh e tejsoffctes /"' nCMe0 °"''"^- 8 u,a 1 „r y 
operative* Weed ,„ the ^ J •» * — *, expression, wWch „ 

expression vecor, -operao,, , inked . . ' "* " " ""^ **b . recombinant 

«— > ,o fc re8Ulal0[y : meM ,,,a, * — -* ~ 0^ 

»«* ""decide se, U e nce( ^ J aUow, f„, 

■—»■ is io^ed ,„ ilKludes p J* T "e term 

««ple, in Goeddet Gene , Ch re8U,a, °^ ^««s are described, for 

identic Press , SanD ,, go> £ ~ * 183 , 

5 *« expression of a nneieorid *~ Whi 'h 

•hose wbieb diree, e x pressio „ of ^ Bld J~ W- »f host ee„ and 
"Wspecriie re 8ula , ory seq ^ •* » eeriain h os,ee lls fr,. 

•h« the design of the expression vector ea 7 ^ W » "» - 

hos, e,„ to be ^ °" "* * **• 

expression vee,„rs of a* invention c t, ** ta4 ^ 

^orpep.ides.inc^,^ 

-apro ttus „rpe p , id e s , e „ codedbynuc|e . c 
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discussed further i„ Goeddel, Cene - . , " S ' SU,BI>,e hosl celk « 

vecos „ he transcribed and 1^ ' ! " " — 

Expression of pro teira i„ prokaiyotts js mosl 
vecrors conraining coosriorrive or inducible oromn, A' 

• encoded .herein usually ■„ ,),, • m " n0 a ° ids IO a P rot ™ 

veclora, . proteoly „ c c|eavage ^ J , 

mo,e, y and ,he recombinant prolein „ ^ of J^™ "* ^ 

0 .he fusion raoie. y sullen, lo purification of L f 

Typical fusion exnr.cc- thrombin and enterokinase. 

di.ec, aasuvs or o„ rapelitive ^ ^ ~ ■ 

^^^^^P^-xarapJtt^T 
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<~*M in,o imdiated recipiems , The 

Exam P ,es of suhabre inducible £ ^ 

P Jidvectorrehes on transcription from a T7gnl0-lac fminn 

~ ™ by . e 0 „ viral WA ^ ^ 

polyme rase , s s „p p i ied 5yh0SIS|raiiKBL2 

Proph a geharb™„gaT7 gn , g e„e llnaerU , l! . HMS,74 < DE3 ) readentX 
promoter. <™*tnpfo„al control of ,he lacUV 5 

» — i- recnnrbinan, protein expression in £ co/j „ , o 
-be P r*e,n ,„ . hos, bacreria rvirb an impaired o,paoi, y ,o p rottolytically ^ 
■5 recombman, protein (Go „ csmMi ^ Cenf * 

E^ov ,85, Academic Press , Sa „ Diego _ (1990)Tl9-128) lllhe 

«W * .0 a,,.r nre nU o leic M ,d sequence of me „oo,e,o acid o JiLl^ 

pmf™,a. lyl „ £ c^Wauaern, mMc Aclds Res , ^ 
20 Such alteration of nucleic acid sequences of (he ,„„„,,- t ^"1-2118). 
DNA synthesis techniques. ^ " W 0m * — 

«■» W3), pJRY88(SchuItz (1987) 54:1 13-123) dYES? 
anvn^en Corpora,™, Sm Dieg0 , CA) , _ ^ « 

Allematively, Dhh or Dkk . re , attd protti „ ^ be fa ^ 

bacu ovrrus expression vecrors. Baculovirus vectors available for expression of pi 
in cultured insect cells (e o <5fo ., x ■ , expression of proteins 

30 C e UB,o, 32,56 "; ( ^ S ; 9Cel,S) '"* d «^PAc-ries ( S m i t he,»,.. (,98 3 >M, 
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In ye. another embodiment a nucleic acid of ,h= i„ve„,io„ is expressed in 
mammalian celis using a mvn^ expression vec , or „ f 
expression vecmrs tactade pCDMS (Seed. B. (.987) Nature 329:840) and pMT2 PC 
(Kaufmanern)., ^EMBOJ. «:,87-.95). When used in «_B_ ceIls , fc 
^™ S con to ,^„ mareoto ^ by ^ reg ^ toiye|emenB 
For example, commonly used promoteK ^ ^ ft om 

cy»me g a 1 ov i ™ S a J ,dSi mim Vin K 40.F„ro t h e r Su i,a W = e »pre Ss io„s y s,en 1S f„rho,h 
pro l ar y „nca„dc U Kar y „ 1 icce 1 l SS aechap tt r S 16a„d l 7„f S a m hrook,J.,Fri U h E F 

Co,d Spring Harbor Laborarory Prcas, Cold Spring Hrtor , NY , 

In anodre, embodiment .he recombinan. mammalian expresaion vec,„, is 
capable of dicing expression of me nncieic acid preferenrially in a panicnlar eel, ,ype 
(e.g., rrssue-specMe regularory „„ m ^ „ ^ ^ ^ 

specfrc regular eiemems are Wn i„ me ar,. Non-itaidng exampies of suhabie 
rsaue specif, promoters ^ fc a|bumjn ^ ^ ^ ^ 

(1987, Genes Dev. ,:268-277), lymphoid-speeific promos (Caiame and Earon (, 988) 
/mnnrnof 43:235-275), in partieulae pmmorers of T cei. recepmrs ( Wino K and 

20 *^:lT mB0J - *—(B-^«* „983)Ce,, 

33.729 740; Queen and Ba,rim„re( 1 983) Ce// 33:74,-748). neuron-specific promorera 
(e g., me neurofilamen, promorer; Byrne and Ruddle (1989) 86:5473-5477) 

gland-speerflepromorera ,e.g., milx whey promorer; U.S. Paren, No. 4.873,3,6 and 
European Applioarion Puhhealion N„. 264 , I66) . D e V e,„ pm e Mal , y . regu|aled 
am a,s„ encompassed, for example me murine hox promorers (Keaae, and Gnrss (, 990, 
**» 249:374-379, and me o-feroprorein promorer (Canrpes and Tilgmnan („ 89) 
Genes Dev. 3:537-546). 

The invenhon former provides a recombinan, expresaion vecror eomprising a 
DNA molecule of me invenhon Coned inro me expression vecror in an anhsense 
onemarion. Tha, is, me DNA mo,ecu,e ia operarively linked ,„ a regular in 
manner which a„ows for expression (by lranscri p ti on of me DNA m„,ecu,e) of an 
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RNA molecule which is antisense to Dkk mRMA ™ 

chosen which direcl ^ < - *• — « orientation ca „ * 

of ee„ , yp es, for inslance vjra] ^ " 3 

5 a^scttn he chosen which,- ' mm ° ,mm "°'<°>»™*,<XK ealatmy 

produced „„«,„ the control of a hiuh „«• • *"* """^ adds « 

■0 of the regulation of ge „ e "° ' ° r " maalttKd - FOT » di «„„ 

Vol. 1(1) 1986. a ' yS,S ' * eVfera - r <™* '» Generics, 

— - « on,, ,0 the „ subjec *£l " *" "* 

of such . cell. Because certain mn HT " POKn,ial """W 

A host cell can be any prokaryotic or eukaryotic cell Fn- 
can be expressed in bacterial cells such as E col' ? ' ^ ^ 

— T and • Wfee,io„- are ^ ** ™" ^ *" te ™ S 

^cium phosphate or calcium chloride D ^A) into a host cell, including 
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Laboratory Manual. 2nd, ed, Cold Spring Harbor Laboratory, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY, 1989), and other laboratory manuals 

For stable transfection of mammalian cells, it is known that, depending upon the 
expression vector and transfection technique used, only a small fraction of cells may 
.ntegrate the foreign DNA into their genome. In order to identify and select these 
"itegrants, a gene that encodes a selectable marker (e.g., resistance to antibiotics) is 
generally introduced into the host cells along with the gene of interest. Preferred 
selectable markers include those which confer resistance to drugs, such as G418 
hygromycin and methotrexate. Nucleic acid encoding a selectable marker can be 
mtroduced into a host eel, on the same vector as that encoding Dkk or can be introduced 
on a separate vector. Cells stably transfected with the introduced nucleic acid can be 
•dentified by drug selection (e.g., cells that have incorporated the selectable marker gene 
will survive, while the other cells die). 

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in 
1 5 culture, can be used to produce (i.e., express) a Dkk or Dkk-related protein 

Accordingly, the invention further provides methods for producing Dkk or Dkk-related 
proteins using the host cells of the invention. In one embodiment, the method comprises 
culturing the host cel. of invention (into which a recombinant expression vector 
encoding Dkk or a Dkk-related protein has been introduced) in a suitable medium such 
:0 that protein is produced. In another embodiment, the method further comprises isolating 
Dkk or a Dkk-related protein from the medium or the host cell. 

The host cells of the invention can also be used to produce nonhuman transgenic 
animal, For example, in one embodiment, a host cell of the invention is a fertilized 
oocyte or an embryonic stem cell into which Dkk-coding sequences (or Dkk-related 
5 coding sequences) have been introduced. Such host cells can then be used to create non- 
human transgenic animals in which exogenous Dkk sequences (or Dkk-related 
sequences) have been introduced into their genome or homologous recombinant animals 
» which endogenous Dkk sequences (or Dkk-related sequences) have been altered 
Such animals are usefii. for studying the function and/or activity of Dkk or Dkk-related 
proteins and for identifying and/or evaluating modulators of Dkk or Dkk-related protein 
activity. As used herein, a "transgenic animal" is a non-human animal, preferably a 
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mamma., ™re preferably , rod™ ^ „ a „, „ ^ ta wh . ch ^ ^ ^ ^ 

^ ** «**-. amphibian, elc. A rranagene 

. exogemms DNA which is integmred iM0 fc 8e „ ome of a fcm ^ a 

antma, deve,„ps and which remains in the g enome of lhe ^ ^ 

during me expression of . encoded gene producl in one . more ce „ ^ 

of *. „an.gemc mimal . As ^ herejn a „ homologous ^ ^ . s a ^ 

Dk7 " : a '', Preferably 8 ~ ™» a mouse, i„ which an endows 
Dkk or Dirk-reiared gene has been airered by homologous recombination between the 
endogenous gene and an exogenous DNA molecule inrroduced i„,„ a ce,, of the animal 
eg, an embryonic cell of ,h= animal, prior ,o developmen, of the animal 

A transgenic animal of ,he invention can be created, for example, by inducing 
Dkk-encodtng nucleic acid into the male pronuclei of a fertilized oocyre eg. by 
mrcroinjecrion, rerrovlrai infecion, and allowing rhe oocyte •„ develop in a ' 
pseudopregnan, female foster ammal. The human Did, cDNA seance of SEQ ID 
NO:l,SEQIDNO:4,SEQIDNO-7 or SEn in we. ™ .. 

.... ,OrSEQ,DNa20c «nbe 1 ntroducedasatransgene 
m.o me genome of a non-buman animal. Alremarively, . „ onhuman hom<)1<)glle „ f . 

human Dkk gene, such as a mouse Dldr gene, can be lacked baaed on hybridization ,„ 
me human Dkk cDNA (described fcrther in subsection , above, and used as a rranagene. 
Inrromc seances and polyadenyladon signals can also be included in Ihe tca^gene „ 
merease ,be efficiency of expression of me rmnsgene. A dssue-speeif, re 8 u,arory 
sequence^, can be operab.y linked to me Dkk transgene ,„ direct expression of Dkk 
prorein ,o pardeular cells. Merhods for generadng ^ mimals via 
mantpuladon and microinjection, parriculariy animals such aa mice, have become 

* " S.Pa.en.No.4.873,,,, by Wagner and in 
Megan, B., M mlpu l atl „ s lhe Mouse Embryo< ^ ^ ^ ^ 

Co,d Spring fcbor.N.Y., I986 , Similar methods are used for p„,d„ cli „„ of omer ' 
Tansgemcammal, A transgenic founder animal can be identified based upon Ihe 
presence of , he Dkk rtansgene in „ genome ^ ^ fc 

oreeHsof menmmaia A transgenic founder animal can men be used ,o breed addiriona, 
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animals carrying the tnuuge^. M • 

encoding Dkk can fwmer be ta, M , carrymg a tnmsgcne 

TO create . homologous^ ~ ^ -*» «~ 

^ a human g e „ e (e .g„ me cDNA of SEQ ,D NO 3 SE0 D ^ « *~ ~ 
SEQ ID N0.22), bu, more preferab|y „" ^ °' 3 ' ' D NO: 6, SEQ ID NO:9 or 

homologous mcombmation vec,„ r soil Z ~ ' 

'0 mousegenotne Inaprefetred b °* " ^ *™ " - 

acid ofthe Dkk Bene tn »ii r u " S 5 and 3 ends ^ addnional nucleic 

20 stem cell. Theadditiona.fi „ n ' ^ gefle fa 311 

flanking DNA (both at the 5' and 3' end , , " * """"^ ° f 

» * e-tropotntion, and cefls in wbioh me ^I^"""" T * 
■.combined with the endogenous Dklc nene . , h <"n<"e80usly 
CT//S9-915, Tt, , 8 eareSeleCled < s «e.g..U,E.e, 1 ,;.. ( I992) 

Zl Z L c ce,,s " e ,hen injecKd in, ° * «*- — C « . 

mouse) to fonn aggregation chimeras (see e g Bradlev a • r 

Embryonic Stem Cells- APractir „ e -^» Bradley, A. m Teratocarcinomas and 
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l>omol„ 60us | yrecomb . ne 

««* - * a„ faal COMa : £r - - * - to breed miIMls ta 

«— 1 homoiogoos recombinant ™1 "* h< ""°" >S - 

™.ca.io„ No,: WO 90/, , 354 „ y " "f " 829 - '» PCT Inttma , ioMl 

-tad ^ whic „ « * MU. 

C "" ,r <"^'scerensu, e(0 - G „ rm hLp reco ra binase 
~— ^ encoding bo* ,~" "* * ■** 

»*, b y mating two J** of .. douWe . 

Oonas of ft. „ on . huiMn ««* »cod lng . recomtli „ ase 

-h^^^^ aeofeiaolTr^^^^ceiioao 

0 isolated Ir °m which the cell, e s th** 

' g ' somatic cell, i s 
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IV. Pharmac eutical Comp osition* 

The Dkk and Dkk-related nucleic acid mo lecuies, Dkk and Dkk-related proteins 
and anti-Dkk or anti-Dkk-related protein antibodies (also referred to herein as "active 
compounds") of the invention can be incorporated into pharmaceutical compositions 
suable for administration. Such compositions typically comprise the nucleic acid 
molecule, protein, or antibody and a pharmaceutical* acceptable carrier. As used herein 
the language "pharmaceutically acceptable carrier" is intended to include any and all 
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and 
absorption delaying agents, and the like, compatible with pharmaceutical administration. 
The use of such media and agents for pharmaceutic^ active substances is well known 
m the art. Except insofar as any conventional media or agent is incompatible with the 
acnve compound, use thereof in the compositions is contemplated. Su PP ,ementary 
act 1V e compounds can also be incorporated into the compositions. 

A pharmaceutical composition of the invention is formulated to be compatible 
w,th its intended route of administration. Examples of routes of administration include 
parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation) 
transdermal (topical), transmural, and rectal administration. Solutions or suspensions 
used for parenteral, intradermal, or subcutaneous application can include the following 
components: a sterile diluent such as water for injection, saline solution, fixed oils 
20 polyethylene glycols, glycerine, propylene glycol or other synthetic solvents- 

Abacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as 
ascorb. acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic 
actd; buffers such as acetates, citrates or phosphates and agents for the adjustment of 
tonicity such as sodium ch.oride or dextrose. pH can be adjusted with acids or bases 
25 such as hydrochloric acid or sodium hydroxide. The parenteral preparation can be ' 
enclosed in ampoules, disposable syringe, or multiple dose vials made of glass or 
plastic. 

solutions (where water soluble) or dispersions and sterile po^TftTtfae 
30 extemporaneous preparation of sterile injectable solutions or dispersion For 

intravenous administration, suitable carriers include physiological saline, bacteriostatic 
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ye,, Ce„,o P ho, Eh™ (BASF, Parsi^, NJ) „ phMptae ^ 
« eaaes, d. con, P o S i,i„„ m „ * SKri|e ^ shou , d fce ^ w fc ^ 
«W exi sts . „ must te stable ^ fc ^ ^ of ^ 
- «, be „ agaiKI fc aaion of „, ^ 

fcc.enaandfcng, The ^- b — ordispersionmediumcon , ai for 
wa,e, e,„a„o,, ^ (for exMp|e , propy|Mc * 

can be f 0 , e _ ple , by ^ ^ rf< ^ ^ _ P * 

—ce of d,e requlred ^ size in ^ _ of 

■o ^ PrevEMjon of ^ aclion of microorgMisms cm te achj J °^ 

an.bae.ena, and ^fnnga, , eenB> for axample , ^ ^ 

aeid, ,M m e,osal, Md ta , i|te . ,„ ^ _ wffl ^ ^ ^ 

- <on, agents, for e*an, P ,e, sugaIS , ^ ^ „ sorbit 

I5 ri: ;; omp :: , ' on ' pro,on8 ° d abs °* a °" ° f ^ ~- - * 

US T 8 " COn,POSi "' 0n " — — for 

examrtte, aluminum monostearate and gelatin. 

Sterifc inj^e soluIions m ^ prepared by ^ ^ ^ 

-pound Dkk pr01ein , Dkk . re , aled protei „ ^ ^ 

. an annate s „ vem wilh ^ or a con]binaiiM of ^ 

20 ^d.foUowednynHeaeds.cHHaadoa Oe„em,, y , dispersjons are prepared by 
■nooning fc mi „ compo „ nd , nM a ste . ie vehwe wwch ^ ^ ^ 

and me required othe , ingredients f rom those e _ d above ,„ 
25 not ^ " VaCUU " d ™ - whieh yields a 

: r; : t in8rediem p,uo - ^ **- - ■ ~ y 

sterile-filtered solution thereof. 

°^~"-P««°nsgener alIyillc , udeMinendiIuant<)raned , ble 
ean be eneiosed in geiatin ca^ea or eompreased i„,o ubie, S . For me purposeof J 

oaee„d,ef„ m „ ftableB , trocheSi0rcapsu|as ^ ^ 
-ng a fl u,d ^ for ose . . ^ ^ 
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applied orally and swished and expectorated or swallowed. Pharmaceutical.,, 
compatible binding agents, and/or adjuvant materials can be included as part of the 
composition. The tablets, pills, capsules, troches and the like can contain any of the 
followmg ingredients, or compounds of a similar nature: a binder such as 
5 microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or 
lactose, a disintegrating agent such as alginic acid, Primogel, or com starch; a lubricant 
such as magnesium stearate or Sterotes; a glidant such as colloidal silicon dioxide- a 
sweetening agent such as sucrose or saccharin; or a flavoring agent such as peppermint, 
methyl salicylate, or orange flavoring. 
10 For administration by inhalation, the compounds are delivered in the form of an 

aerosol spray from pressured container or dispenser which contains a suitable p.ope.lant, 
e.g., a gas such as carbon dioxide, or a nebulizer. 

Systemic administration can also be by transmucosal or transdermal means For 
transmural or transdermal administration, penetrants appropriate to the barrier to be 
1 5 permeated are used in the formulation. Such penetrants are generally known in the art 
and mclude, for example, for transmucosal administration, detergents, bile salts and ' 
ftasuhc acid derivatives. Transmucosal administration can be accomplished through the 
use of nasal sprays or suppositories. For transdermal administration, the active 
compounds are formulated into ointments, salves, gels, or creams as generally known in 
20 the art. 

The compounds can also be prepared in the form of suppositories (, g. with 
conventional suppository bases such as cocoa butter and other g.ycerides) or retention 
enemas for rectal delivery. 

In one embodiment, the active compounds are prepared with carriers that will 
25 protect the compound against rapid elimination from the body, such as a controlled 
release formulation, including implants and microencapsulated delivery systems 
B.odegradable, biocompatible polymers can be used, such as ethylene vinyl acetate 
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid 
Methods for preparation of such formulations will be apparent to those skilled in the art 
30 The materials can also be obtained commercially from Alza Corporation and Nova 

Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to infected 
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It .s especially advantageous to formulate oral or pare „ten, c 

5 dos - - - * - o f admi „ istration ^ ^ 0 :^zrr oas in 

as used herein refers to physically discrete unit, v 7 

i ne specification for the dnsao^ 
10 dictated by and directly denenH , u ^ Unit forms ofthe Mention are 

« *. LD5 „ (th : dose Ie : or e ~ anima,s - **• for 

«W of invent, therapmica „ y ~ d - <■ - 

circulaung plasma concentration range that includes the IC50 fi . * 
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useful doses in humans. Levels in plasma may be measured, for example, by high 
performance liquid chromatography. 

The nucleic acid molecules of the invention can be inserted into vectors and used 
as gene therapy vectors. Gene therapy vectors can be delivered to a subject by, for 
5 example, intravenous injection, local administration (see U.S. Patent 5,328,470) or by 
stereotactic injection (see e.g., Chen et al, (1 994) PNAS91 :3054-3057). The 
pharmaceutical preparation of the gene therapy vector can include the gene therapy 
vector in an acceptable diluent, or can comprise a slow release matrix in which the gene 
dehvery vehicle is imbedded. Alternatively, where the complete gene delivery vector 
can be produced intact from recombinant cells, e.g. , retroviral vectors, the 
pharmaceutical preparation can include one or more cells which produce the gene 
delivery system. 

The pharmaceutical compositions can be included in a container, pack, or 
dispenser together with instructions for administration. 

V. Uses a nd Methods of the Invention 

The molecules of the present invention (e.g. , nucleic acid molecules, proteins, 
protem homologues, and antibodies described herein) can be used in one or more of the 
following methods: a) screening assays; b) predictive medicine (e.g., diagnostic assays 
prognose assays, monitoring clinical trials, and pharmacogenetics); and c) methods of 
treatment (e.g., therapeutic and prophylactic). As described herein, a Dkk protein of the 
mvention has one or more of the following activities: intracellular calcium, an increase 
«n phosphatidylinositol or other molecule, and can result, e.g., in phosphorylation of 
specific proteins, a modulation of gene transcription and any of the other biological 
activities set forth herein. 

In a preferred embodiment, a Dick activity is at least one or more of the following 
aenvnies: (i) interaction of a Dkk protein with and/or binding to a second molecule 
(e.g, a protein, such as a Dkk (e.g., hDkk-3) receptor, a soluble form of a Dkk receptor 
a receptor for a member of the family of signaling proteins, or a non-Dkk signaling 
molecule); (ii) interaction of a Dkk protein with an intracellular protein via a membrane- 
bound Dkk receptor; (iii) complex formation between a soluble Dkk protein and a 
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second soluble Dkk binding partner (e.g., a non-Dkk protein molecule or a second Dkk 
protein molecule); (iv) interaction with other extracellular proteins (e.g., regulation of 
^-dependent cellular adhesion to extracellular matrix components); (v) binding to and 
ehmmating an undesirable molecule (e.g., a detoxifying activity or defense function)- 
5 and/or (vi) an enzymatic activity, and can can thus be used in, for example (1) 

modulation of cellular signal transduction, either in W,, 0 or in vivo ^ , q{ 
the activity of members of the w„, family of secreted proteins or supression of 
dependent signal transduction); (2) regulation of communication between cells (e g 
regulation of ^-dependent cell-cell interactions); (3) regulation of expression of genes 
10 whose expression is modulated by binding of Dkk (e.g., hDkk-3) to a receptor (4) 
regulanon of gene transcription in a cell involved in development or differentiation 
ether M V »ro or in vivo (e.g., induction of cellular differentiation); (5) regulation of 
gene transcription in a cell involved in development or differentiation, wherein at least 
one gene encodes a differentiation-specific protein; (6) regulation of gene transcription 
1 5 m a cell involved in development or differentaition, wherein at least one gene encodes a 
second secreted protein; (7) regulation of gene transcription in a cell involved in 
development or differentiation, wherein at least one gene encodes a signal transduction 
molecule; (8) regulation of cellular proliferation, either in vitro or in vivo ( e . g ., induction 
of cellular proliferation or inhibition of proliferation, for example, inhibition of 
20 tumongenesis (e.g., inhibition of glioblastoma proliferation)); (9) formation and 

mamtenance of ordered spatial arrangements of differentiated tissues in vertebrates both 
adult and embryonic (e.g., induction of head formation during vertebrate development or 
mamtenance of hematopoietic progenitor cells); (10) modulation of cell death, such as 
simulation of cell survival; (1 1) regulating cell migration; and/or (12) immune 
25 modulation. 

Accordingly one embodiment of the present invention involves a method of use 
(**. a d.agnostic assay, prognostic assay, or a prophylactic/therapeutic method of 
treatment) wherein a molecule of the present invention (e.g., a Dkk protein, Dkk nucleic 
acd, or a Dkk modulator) is used, for example, to diagnose, prognose and/or treat a 
d 1S ease and/or condition in which any of the aforementioned activities (/.,, activities (i) 
- (v.) and (1) - ( ]2) in the above paragraph) ^ .^.^ ^ ^ 
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present invention involves a method of use (e.g., a diagnostic assay, prognostic assay, or 
a prophylactic/therapeutic method of treatment) wherein a molecule of the present 
invention (e.g., a Dkk protein, Dkk nucleic acid, or a Dkk modulator) is used, for 
example, for the diagnosis, prognosis, and/or treatment of subjects, preferably a human 
5 subject, in which any of the aforementioned activities is pathologically perturbed. In a 
preferred embodiment, the methods of use (e.g., diagnostic assays, prognostic assays, or 
prophylactic/therapeutic methods of treatment) involve administering to a subject, 
preferably a human subject, a molecule of the present invention (e.g., a Dkk protein, 
Dkk nucleic acid, or a Dkk modulator) for the diagnosis, prognosis, and/or therapeutic 
10 treatment. In another embodiment, the methods of use (e.g., diagnostic assays, 
prognostic assays, or prophylactic/therapeutic methods of treatment) involve 
administering to a human subject a molecule of the present invention (e.g., a Dkk 
protein, Dkk nucleic acid, or a Dkk modulator). 

Other embodiments of the invention pertain to the use of isolated nucleic acid 
15 molecules of the invention can be used, for example, to express Dkk or Dkk-related 
protein (e.g., via a recombinant expression vector in a host cell in gene therapy 
applications), to detect Dkk or Dkk-related mRNA (e.g. , in a biological sample) or a 
genetic alteration in a Dkk or Dkk-related gene, and to modulate Dkk or Dkk-related 
activity, as described further below. In addition, the Dkk or Dkk-related proteins can be 
20 used to screen drugs or compounds which modulate the Dkk activity as well as to treat 
disorders characterized by insufficient or excessive production of Dkk or Dkk-related 
protein or production of Dkk or Dkk-related protein forms which have decreased or 
aberrant activity compared to Dkk or Dkk-related wild type protein (e.g., developmental 
disorders or proliferative diseases such as cancer as well as diseases, ocular disorders 
25 (e.g., blindness) conditions or disorders characterized by abnormal cell differentiation 
and/or survival, an abnormal extracellular structure, or an abnormality in a defense 
mechanism). Moreover, the antibodies of the invention can be used to detect and isolate 
Dkk or Dkk-related proteins, regulate the bioavailability of Dkk or Dkk-related proteins, 
and modulate Dkk or Dkk-related activity. The term "an aberrant activity", as applied to 
30 an activity of a protein such as Dkk (e.g., hDkk-3), refers to an activity which differs 
from the activity of the wild-type or native protein or which differs from the activity of 
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thC Pr ° tein in 3 h ^y subject. An activity of . • 

-« because it is ^r^^/*^' 
An abenam activity can aiso be a chan ge in * * C0Unte ^ 

5 ^ inte -^a differentprotein j;;;^ ^^--—p,*. 
^^^•^activity^^j;^ 

gene encoding Dkk. ver «press,on or underexpression of the 

A ' ^£££nin£Assays: 

P*—*-** smal , moleculK „ compounds . agen,s 

A„ a 8 o„is, „ ta . * "* - (,.*, hDkk . 3) 

p ro «o, s udl as ^ ~ ** —» ■ «— «, o fa Dkk or 
Wift a hDkk-3 recejltor ^ a 3 S,gni " *» * « by, 

™* or a Dkk ^ -^J^T- ** " *— , *, 

"'^'^afco,^^ refer ' 0ana «™«»«i»i.ibi B ,d Kre ^ s 
*«— HM, fa. a Dli[ „ e ,^° Utt80 " iS ' ~ * » 'O-poaod wWch 

0f ^»^o,„a hDtt .3^7; r ^ e *' a '~^.aca P a W e 
"ileraction betwaao a Dick „ r Dkk „., . ' Preferred """^ inhibit Ibe 
«~ A^adva,, ao mlag0 ^ - — —a, sue* as . Dkk 

^so be a compound which modulates 



# 
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the expression or activity of a nmt • i_ . 

compounds which bind ,„ „ moa ^ **» f ° r screCTi "8 candidate or tea 

obtamed using my of lhe ' U " ds ° f «* P^nt ,„ve„„ on can „ 

'» - art, mcludin,. mo^ZTZT: COmbi " a,0^ ' a, »— 

« o-componnd. ,ibra* n^od; ^ * 

^a^ph^ieouon. Thehio^^Cr dS * 8affi " i,> 
while the 0Iher fourap „ f ""^ is ,o peptide 

•w o, smaII molecule ;~ 5 • app " cab,e *° ^ - w* 

« «. 12,45, ^"^^^.'C.S.C,,^,^^ 



Examples of methods for the svntl,..- r 
«. axampie in: w m „ „ >™» "'^^ cat, he f om d in me 

- o»> ^. « ^ & ;r h7; 22 T r te M " 9o: ^ Erb " 

Oatn. 37:2678; Cho „ „/ (1993)iti , ' J ' Z ° CkemM »" (1994). a Med. 
™ 0« « 33 205 o ? °' :,303: C ™" — f'«)^« 

and in Canopy (I994)J ^ ^ «™ '"' « 33:206,; 

Libraries of compounds may be presented ;„ , ■ 

'*<>2-42„, oron beads ttJ^.T"" ^ <'*»> 

■5 ■*»).pIasmids (Me ,«, ( I992 ,» ' ? 5 ' 2A40% *»" (Udner USP 

M,r,, Mrf " (,990 > & -« 249:404-406,; 

222*0,-3,0); (U*. w 82.6378-6382,; (FCici 0 »I) jr Kioi BM 



° M "*>*»«. an assay is a cel.-based assay ,■„„„,, 

axpresaea a Dklt receptor on me cell surf, • " 8 «" Which 

of me ,e st corned ,o ^ ^ ^ ^ " - <~ - - 

" d toaD » receptor determmed. necei| for 
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example, can be of mammalian origin or a yeast cell n- • • 

-pound - *e « TCeptor w be dettmjiKd - 

4~* o r IndireCy, fc * n "C. or 3 H , 

enzymaucany ,abe.ed w ith , for ' ' *" y ' *" ~~ - ^ 

o r n,c,ferase,a„d,„een^^ 

compound with a Dkk r. . • »nteract,on of a test 

w '- v 1 science 257* 1 906. 1 Q i o a « 
"microphysiometer" (e.g Cytosensn.-, • * 

— (LAPS). C„a„ g e 5 ,„ m Bcmca&m ~* 
~„ ^ , igand md ^ ~ indicaIor 

expresses a DkJc receptor on Ac ccll surf 

ponion .hereof, to form an assay mta ' " """^'^ve 

componnd, and ^J^Z^T^ ** — - ■ - 

-^ptoraae^lr: Z^T^T^^ 
'W, to bind to t he receptor : °" b '°l°i'-"y acnve portion 

to anolher embodiment an assay is a cell h,.^ 
ceil express a Dk x ,ar g e, moiecuie £ ' , ' COn,Pr ' Sfa8 C °'" aCti, ' g 3 

30 of dae „ compound „ J„J"* "* — — - 8 fc aWily 

— * De.e.mi„i„ g J^^T " ^ " ^ * 

ab.h.y of lhe Bsl com)Jound to ^ ^ 
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Dkk tap, mo | KU]e ^ ^ „ 

» P™ei„ ,o hind „ or inleract wjlh J* * d ~g *e ahfflty ofaK 

fining the ^ of „ m0,eCUte ' 
■** - <* -mtfkto by 01K r*" '° " ind » - I— with . Dlk 

« .o or inters wWl . DUt mol J^ *• of .he Dtk prottl , „ 
activity oTAe target tnofecule. F * "^pUshed by de ttraii „ ing 

d ~ * induction of a call ^ ~ " - 

10 *•» - aPP^riate suhatrate 'J^fT* ~~c acivit, of 
*— * — »• «*. >aci fcrase) , or l cl . * '° ' " Ude " ■* coding . 

P™tein or biolog ,, a „ y adive portjonth * " ** Dkk " Dtk - 

"»"PO™o-.o,heDkkorD k k. retaedDro ,. """"^ *""*«■• Binding ofthe „ 
deaerihedahove to ' ° °" teem,ined or 

compound which binda Dak „ D ' ' "° Pm,m """of with > known 
coning *. ^ mimre ^ a ^ d ■«* » ta, an assay ^ 

componnd ,„ iae^, ^ , J"" 0 "™ 1 ' Md d <*™i»mg the anility „ f te 

«% of the tea, oo^nnd ,o inttrac[ J T^J^^ «~— * 
> da ™<"»>Sm. ability „ fthete _ aDUt "MJ.. relate d protein eomp nses 

■— or hiohagica,,, J ~° ~» «- .o D«* or a Dk k- 

compound. ^ **** »"mp«d to the known 

I" anorhcr embodiment, the assa v is , „„ . 
<*ated protein or hfoiogicaUy active ponio „ „ ^ ^ h *ha Dkko r«. 
and dte a biU , y ^ tes , J m " , '* »«" a « ccnrponnd 
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Detennining the ability of the test r 

S. and Uri)Mi °'«'"««'«,^ (BIA) 

-Mi bi„ spe o iflc iMerac( . ons . A * ta« "BM" i s . Iecta f 
» «*BW» Changeam^ :~"^in 8myofttle 

interactants 

- * — - an Mcarion of ^ J*""""" resonance (s 

»e a*^ of a Dkk m D ^-« ^ of , es , Mmpoui]d 
fining u,e abi,i ly of fc - b. accom pl ishe d by 

prevtoosly p P 0P">le snbstmte can be detennined as 

In yet another embodiment, the cell f 
-hw M or bio,„ g i cal , y acljve ™lves comach.g . Dtk „, Dkk 

20 ^ te ^"^-^ P r M e:::: w ^ ata --po Ulri ^,, 11 

««. a tes, componna, and " -» mi "'^. -mcing the ^ 

~" * *— « «* * Dtt or Dkk rel ll " dettmini " 8 * ofdte test 

23 aC " Vi, « f ^«m„ Je e ule(e / a ', Preftre " M, ^W'oorm„d„,a ttUle 
"> "any drag sck^J" *"* 

* aa,; ~ ^ *- "'-Pounds and 

sterna, soch aa ma y be derived wth ""^ " in -M. 

P^ed as "primary" acreans in , hat ^ are o«e„ 

rget which is mediated by 
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a test compound. Moreover, the effects of cellular to ■ • 

test compound can be generally i gnored in fh . * bioa vaiIabiIity of the 

x* . y ignored in the m vitro sv^m *u 

focused primarily on the effect of the drug on the J *** 

5 90 CXem ^ weening assay of the present inve ^ ^ in 

contacted with a Dick (e * hDkk « • compound of interest is 

v*.#., nuick-3) protein or a Dick teo- hnn ,x , . 
«* a receptor. The ^ ^ ^ * « *• ™M> tab, ^, 

t ° *• — » °f - Md to D ^ r cm * - « - 

then added a composition containing a Dkk bind!! '^ wn 01 Dkk bioding partner is 
'0 reaper. ^ ^ ^™ Partner „ ra Dkk ^ 

partner p rovid e . ^ «™. — and Dkk 

PO-.ia.ing, con,*, foraatio „ *» * - (or 

*e compos can te »" f a "'"^ Partner. The efficacy of 

concent of L te ^ 1 *" *" **- 

« '•-ta-^.^^T 1 Moreover, a control assay can also 

in .he absence of the „ co mpou l ' ^ fcm,a "»" ° f ■ «*« is ouann^n 

«ive portions .hereof or Dkk uage. m „, , P '° teinS ° r Really 

■wplor) i, may be desirable , 0 ^ , _ 3 Dkk * molecule o, 

form ofa* isolaK<i prolejn "~ ■* *- the membrane- 

» solnbilizing agents include non-tati! " '" SOll "' 0n - E *™Plcs of such 

-odecyigiucoaide, n-dodecyZZ d "* " - 

m ^«»ide. T,i,o„®X-,00 "„^[ decanoyi-N- 
*- eu,er, n . 3-[(3^ ido .' 4 ' esi • '»«decy F <,ly(« h y leiM 

^"-W-chotaidoprop ^ W ,h, ' amm,ra0] -'-^^ l e 

30 (CHAPSOXorN-dodeoy.-Niiren 

d ""'^-3-amn.o„ic-,. propane sulftnaK 
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tnven-on, „ ^ be desiraWe , 0 immob . ljze P"*™ 
-he* ,„ fcOta. of * I— O' a targe. 

5 compound to a Dkk or nta .., . * y ' Bln,im 8 of a test 

to aura or Dldorelated protein, oHnt i 

protein with a targe, moiecuie in to _ . * ^ " 

be accented in any vessel suiJeT «" 

vesaCaineindenaierolp: T^T"^^ 

>0 both of.be protei. ,o be bound ,„ . 1J F o ' ~ " 

onto giutathione sepharose beads (Sijr Pr< "* S "< 

compound and aimer me n„„.,dso,bed targe, pro tein or " " " 

20 binding or activity determined • ^ ^ ^ ^ ° f Dkk 

Uy determ <ned using standard techniques 

30 D^-reiated protein napped in ta ^ U " b0U '"' '"~ " 
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^ <a*«n,o,ea ue . MW " h ' heDkk "W-«a M p r o 1 e inor 

— «- - a tnetnod wherein a - DJdc-related ex PTOsio „ „ 

~ of Dkk „, Dkk . re)attd - a eandidate ^ ^ 

compared , 0 , he Jeve] of P-» of fc candidaK compound 

«* or protein is greater t^JT^'" — * *- «Pre SS io„ of 

»n, utaor of Dkl mRNA <nU» e„ mpou „ d js f 

~ «. in ta absence> lfce » *• P-ence of , he e mdidate 

m ^A„rp roteia y " ,e " ,0dS<tecriW '-iaford e , K ,i„ gDkll 
In yet another aspect of t h» • 

<" (1993, . ' 93 1Maw ^ 

- -odnlate Dkk or Dkk . reteed *«P«- r b i„ ding proKins . of 

^ .he ^ of sjgna , s are afco „ kely ,„ be 

sample, do™ s[ream elemenls r\^t, ^teed protein 

as, for 

-* bindi„ g protetas ^ *™ sign a„„ g ^ Alternatively 

evolved ms,gnaJ transduction. 
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The two-hybrid system is based on the mn . , 
factors, which consist of separable DNA b" , ^ 
assay utiii 2e s two different DNA constructs" ^ ^ aCt, ' Vati ° n d ° mainS - Briefl * * e 
Dkk protein is fused to a gene encoding the DN^bind^**!^ 1 ' ^ ^ e " e ^ C ° < ' CS *° ra 
5 transcription factor (e £ GAL 4) r ! A bmdln S dom ™ of a known 

^o fDNAsequenc ; Sjt ^ 

^edtoagene that codes for the activation T^™*** 

complex, the DNA-binding and activation d ^ fomiin8 3 DJ *- d ^ent 

<° b ro Ughtimocioseproximi ; 

ascription factor. Expression of the report 058111310,7 * reSP ° nSiVe l ° the 

staining the functional transcription ft t " ^ * ^ CO,onies 

" Protein. " ^ lnteracts with the Dkk or Dkk-related 

".venae includes a con , pound . ' """"P 1 *- '» one embodimea,, fte 
of .es, Mmpound , 0 bjnd "* - ^ te 

» -hod c„ rapristag C0 „, acIing " ~ - — » a 

contactmg the assay mixture with a test B ^ ^ mixture > 

:r---.^o:rr:i::;rr---- 

another embodiment, the invention in , „ ^ m ° ,ecu,e - *■ 

— ^--^aadd^^rc^ 

v or me test compound to 
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bind to, or modulate (e 2 stimni ♦ 

*- \*'g stimulate or inhihitWK« „ . 

mvemiontoe,,,,,,^ ; embodiment, a,,,,,^, 

5 COm '»"" d •** binds to Du „ ' J' P ° r " OT *«"*•. a known 

".ode, ,0 deremrine ,„ e * «• 1 - be used ta an 

- r ~e, y , MageM ~r2:r 

"<«.". Acconung,,, „ is ^ fc •»••-* -d horn, as described 

«* design, formuuuiun, s ' 1,6 »«„,„„ to use such age„ B i„ 

herein. Porexamp , e .„ OM P'ognos.s, or treatment, as described 

synthesizing or producj „ 8 . . * '"""*>» includes a method of 

antcture and/or p ropOTies ' * — ' «™P°si.ion b y reference to the 

method in which . wMch ' "f a compound obtained by a 

modutate „ e activity of '* ° f «* '•=* compormd to bind ,o, or 

-pound obtmnabie bya mTr " '^^^'^-ofa 

»^odm„h,cha D U„, Dkk . relltedpro| , nor 



WO 00/52047 

PCT/US0O/05452 

- 88 - 

5 B - Detection Assay s 

polynucleotide reagents For^mni ... y 

'0 8 e„e, ic discos, (i „ ^ m Z^ZIT *" re8iMS ^ ^ 

are described in the subsections below. ? ^ aPPhCati ° nS 

L Chromos ome Map pinp 

«Ikd ctoomo^e mappj 8eM °" ' TO. process is 

Dkk or Dkt . relattd geTOS on '"• M — - «P *. W. of ,he 

gooes associoredwhl, disease. ' SKp ^""o ">-e seoueoee, with 

* peed,, pri mOT m do no , spM _ - - - .o 

computing «. mplificalion _ °" e m *• 8e "<™'« *us 
«„ • „ on process. These pnmers can theo be used for Prp 

screeourg of soma ,ic cell hybrids ooo,^ tadivjdua| , U * df <"- pC R 
•hose hybrids con aW „ 8thehumangeiK ' ""^ *— — Only 

~ «. yield . MPlifed cr~ s ,o ,he Dkk 
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Somatic cell hybrids are prenareH hv * • 

— hum „ md mo r^ * t? soma,ic ce,,s *- differe - 

and divide, may gradually lose h uma „ h ' ^ hUma,, < ™ d m ° US,! cells 8™« 

<* 8 e„e encoding the nKded enzyme ; ' - ^» chromosome ^ MMatos 
°f hybrid cel, ,i„ es ^ „ estaWished ^ *— • By usmg various media , pane , s 
"»»« chromosome or , smaJJ ™ '» a P*"" domains eimer . si „g le 

chromosomes, a„ 0>vi „ g "™° *°«somes, and . fu „ ^ 

hybrids c„„,ai„ ing onlv ^ J ^>*— *»1 M2* Somaric ce U 

PCR mapping of somalic „„ h b ' 

similarly be used lo map a ft, l„ „, , UUl »i"appmg strategies which ca „ 

hybrid^ (descriw Fm * " ""J-— * chromosome incmde ,„„„ 

speeifie cDNA libraries. ' " re " Se,eC,,0n W-Mtadon to chromosome 

Fluorescence ft «» hybridation (FISH) of a DNA ~ 
chromosomal sp^ ^ ^ '° f se »««* » a meiaphase 

• Chmmosome spreads car, be _ d * Ch """° S< " Ml - 

» hiocked in meiaphase by cheml ! ""^ *- < " Visi<> " 

*«* -d dark ban* dev " ^ *" —a «<* Giemsa. A 

« <* «jt^t r ci ~ e> m - — — 

- ahor, as 50a o, oOO bases. HovlTc, ^ " " ^ ' ™ A ~ 
3» hkelibood of binding „ . " T, ^ ^ ta ' »-» haye a high., 

y .000 bases, and more p re f erabl y 2M ^ ^ 
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- •« — — - . «e amonn, of Um , For a ^ 
•ectaqua, saa Va™ « < Hlma „ Ch rom „ s „ mes: A Malula , t 
(Pargamon P ress , New York „„> ManUal 0f B ~= T «l™,u« 

io r^ssr-^ 

Man, avai,ao,a „„,i„, ^ Jo J„ V* ^' MMde ""° "■*«*— '» 
rahnionship ba,waa„ a B ana 1 T ' "** ^ U ^ T1 " 

6 dna > J eta l- (1987) Nature, 325:783-787 
Moreover, differences in the DNA seauen™ k ♦ 
ana.rac.aa ^ . disease „ ^ * ' — *- ^ - 

>f» n,n«nn is „bse„ad in soma „ r a, f „ ^ *" " 6mm ' Be <- 

translocations that are vkih?^ fr«™ u ™ or 

on ft. DNA " T," " "™ M ~* « *«* « oasad 
25 individual Jll f 7 ^ ^ ° f 8 - *» — ■ 

2, Tissue Typ ing 

»g usa of rastncnon fragment tengI „ (RpLp) for 
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sequences of the present invention are usefi,. « ^- • , 

for RFLP (described in U.S. Patent 5 272 057) ^ ^ IM *™ 

ends of the sequences The,. • Pare tWO PCR Pnmers from the 5' and 3' 

» se, of Z I" iden,ifiCa,i0 " S - 35 "* **« -» •»» a 

such DNA sequences doe to allelic differences TO. 
P^esen, i nvenlion m „. ' erciKK - ^ ^loences of 

«■ *. .issue. The Dlck or nl a °" *» 

of .hese sequent ~ .^LT"T " ^ 
20 »«,n, aMtaaUe|jc . <" greater degree ,„ >he noncoding regions. I, 

vartanon belween ^j,^ h 
about once pe, each 500 bases Each of the frequency of 



can, to some 
compared 



for identification purposes Bec a „ ^ 

---^.r^rnrrr^-^ 

25 noncodi„ SSKpJe , KKofSEQIDi<0 . | 

0, SHQ n, KO20, can eomfLbly pl!I ' Q "> ^ SR > «° 

of 100 bases. If predicted cod™ sepue „ ces 7 " < "' C '** n8 se °"»« 

^.sHQ roN o:,s EQIDN or^r N ;r b 7 ,i,No '' 3 ' sEQ ' D 
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— . ean ,a 1^ ^ * " **** — — 

^ is . j e z 2 : r can a,s ° te ^ in forensic bi °^- 

dna _ ^ from very "* "*■*«' - — » -*«y 

slun.orbodynaid, „ J-^-Ph-^,^,, 
'5 origin ofhe biologic! sample ' *™ g """a*"*" of the 

enhance .ha reliabi.i,v of DNA ba~rf , 8e "°'" e> Which <» 

» ^ menlioned above acUMlfel ~ *" ' » 3 -** 

gene„,ed fra g ments . Seq „ ei , ces ^ *-* »> — — o-zyme 

^ Una UK „ grealer ^ of J' ^ * Q ' D - **** approve 

* i, eaaie, lo differ " "» ~ « 

ftagmen. derived fa. fc noncoir " «" Bi « *»« «• • 

airomthenoncodingregionsofSEOIDNO-1 wnm x,A 
NO:7, SEQ ID NO.13, or SEQ ID NO 20 W , Q ^ SEQ ' D 

Prefe rablyatl eas t 30 b ase, ^^'^-^l^ 
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- - ^t°i^crc„T se,ue,Kes **** »-* - «»*c „ 

SUe - Thl * can be very use fi,i • 9 ' ° ,denti fy a speci/Ir 

J n a similar fashion th 

be used to screen »• Oft «, , „ 

° screen tissue culture f„ "^-related primer* 



c. 



The present invention J 

h.,- ^' ,euJcen iiasand/v m u crs <>itne hematopoietic 

"Wc or Dkk-related P r 0t ei n , 
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nucleic acid expression or activity Forexamn! 

sen. can be assayed m . ^ ~ <■ ' « or Dlk . relaled 

by or ^ ^ c; D r H pnor * *• ome * 

S expression or activity. Dkk-related protein, nucleic acid 

' on tne expression or activity of Dl^ ™ i . 
trials. Hy 01 Dkk or Dkk-related in clinical 

.» ^"^^^^-^--iin,,,,,^^^ 

Diagnostic Assays 
An exemplary method for detectino tKo 
related protein or nucleic acid ■ , " ^ ° f Dkk ° r D ^ 

'5 agentcapabie of detecting DkkorDi* ^T* ^ < " ™ P0U '"' 1 « » 

»^p ro .e i n„rn^:dT^^r;:^ tt r ,,rese ° ceofDkk 

agent for detecring Dklc or Dkk . re , a(ed " """<*-' -*» A preferred 

aeid probe capabie of bybridi^ ^ " TT " 3 ^ 

» -'-aoidp ro beca„be,forelp*:,^lt:^ AOr ^-- * 
nncieic aeid of SEQ , D N0: , SEQ P , D ^ * «* -* aa the 

««. * DNA i^er, of tbe p lasmi d dep osited wilh AT^ A 

98633, or the nucfcodde . ,,h ATCC as Accession Number 

* ATCC aa Ace-ion Nontber '"'^ '"^ ° fthe deposited tvith 

« least ,5, 30, 50 ,00 250 „rlu7 " P ° m< '" ^ ""* " " ""^leotide of 

^^P^fornseintbedi^r^^^^^' 
herein. s «c assays of the invention are described 



25 



30 
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A preferred agent for detectina Dklc nr na , , 

an polyclonal, or more preferably, monoclonal. An intact antihnH 
fragment thereof (e.g Fab or Vf„wu\ u antibody, or a 

v rao or *(ab)2) can be used The t^rm »i a u i JM . 
5 the probe or antibody is intended tn . ^ ' ^ rCgard to 

well as indirect labeling of the nroh. u Pr ° be ° r 33 

^body us j„ga fluores „ nl , y |. . . «**W»rf. p , M , 

Furthermore, in vivo techniques for detection of Dkk or ni* , I 

^d UCingintoasubjectaIabeJed r in ^ 

with a radioactive ma rl~r », P ' ** ant,bod > r can be Ia beled 

JZ H S COn ' rol "** C °" aCU " 8 * -Pte with a 

compound or agent capable of detecting Dkk or Dkk „,,, A ■ 

DNA, s „ch tta the presence of Dkk or dT T P,OKm - * ee "°"" C 

of Dkk or Dkk-re.ated protein, ttiRNA or ge„„ m i c DNA is 
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" "* bi< "° eiCal ""«* *>" — 1-* 8 *« mn. of Dkk orOkk-tekfed 
protem, mRNA or genolt , ic DNA in fte con*,, sampte wilh , ne presenM Qf ^ ^ 

Dkk-telated protein, mRNA or genomic DNA in the rest sample. 

The invention also encom^ses kite for detecting me presenoe of Dkk or a Did,, 
■elated protein in , b i„,„ gicaI ^ For ^ fc ^ ^ ^ 

compound or agent capable of detecting Dkk or Okk-related protein or mRNA in a 
otologtca, ^mp le; mram fordaemining ^ ^ of or Dktretattd 

mRNA in the sample; and means for comparing the amoont of Did. or Dkk. relatt d 
P-inormRNAindtesamplewithas^. The componnd oragentcan be 

10 packaged in a suitable container The kit can f„rtt,» 

... , kit can further comprise instructions for using the 

kit to detect Dick or Dkk-related protein or nucleic acid. 

2 - Prognostic Assay s 

The diagnostic methods described hetein ca „ fmWore „ ^ M 
sheets having o, a. risk of developing a disease or discde, associated with abetaant 
Dkk expression or activity. Fo, example, the assays described herein, such as ,he 
preceding diagnostic ^ or ^ fo „ owing ^ ^ ^ ^ ^ 

havtng „, a, risk of developing a disorder associated with Dkk * Dkk-relatcd protein 
nucle.c acid expression oracivity such as a proliferative disorder, a differentiative or' 
deve opmenW disorder, a hemopoietic disorder as we,, as diseases, conditions or 
dtaordc characterizedbyabnomra, ce„ survival, abnomta, extmcdhdar smtcture, or an 
abnormal,* in a defense mechanism. Ahetnadvely, the prognostic ^ . be 
ut, tod to identify a subject having or a, risk for deve,„pi„g . differailiative or 
pmltferanve disease (e.g., cancer, Tbus, the pte se „, invention provite . ^ fer 
.denting a disease or disorder associated with aberrant Dkk „ Dkk . reIaMd 
or acttvtty ,„ „h ich a tea, sample is obtained from a subieo, and Dkk or Dkk-related 
proutn orm* ic acid (e.g. , mRNA, genomic DNA, is detected, wherein the presence of 
Dkk or Dkk-related protein or nucleic acid is diagnostic for a subject having or a, risk of 

30 „ IT ea a ^"^"^^•''^•^"Dkk-mlatedexpmssion 
30 or acvtty. As used herein, a -test sample" refers to a bioloeica , ^ 



m 



WO 00/52047 

PCT/US00/O5452 

•97- 

subject of interest Forev*m„i 

ror example a lest sample can h*. a- , 
«M sample, or , issue . ™ P,e "» a b '*eiea, fluid (,.*, ^ 

F«nhem,ore,U,ep ro8110slic 

5 P-m, pepnde, nncleie neid « " ^ 

•> — a disease or disorder aasoci„ed ^ . """^ « — *• Candida*) 

treattd with M J ^ « whemer a anbjee, «. „ 

^aoveordevelopmen*,^^ 
' ° *— *- b y ebnormn, K „ J^' *=*. as we,, disorders 

-—H, in a defense meeban ism £ " """"'""n « - 

*— <- ^asobjec can oe! ffe ! 7 "* CM » 

fining whemer a subjec, can be efw , ^ i " V ™''°" "™ id « ™ood s f„ r 
sample is „ 6tained m<| Dkt of c*p ressi0 „ or aetiviry /n whjch , ^ 

~"°'^^^0 S flc forasu ^^f^^°^-eieaeid 
« a disorder ^ ~ *- - Be ad„ inislered me ^ „ 

H» memo* of me invenlion ca „ ^ I t " ***** 

^adiaordere^^ by^™ ^ anered 6 e„e is a , nst 

— ceflolar pro , jferall , n „ „ ^ ^ *— dilferemiadon, 
cnrbodimema, the melllods ™" he ™'°Po,e,io response. In pa(mcd 

* P-nee or absence of a g e„e,ie afle^ct ' ^ - 

^-^ofn^^^^'-oneofan^on 
expression of He DUc or Dkk .„, aKd ' J* or me mia- 

*— by aacenammg me exia«e„ee of « JITT n "* ^ a " era,i ° m - * 
noeleofldea from a Diet or D t K„,...a . " " * de,Mi °" ° f "ne or more 

3 ' *.re,a,ed 8 ene ; 3) ^TT ' " ^ "« - — nacleondes 

rearrangement of a Dkk or Dkk-rel a ..H 

^ related gene; 5) an 



m 

WO 00/52047 

PCT/USOO/05452 

- 98 - 

alraration i„ the M of a messenger ^ tmm ^ t rf , Dkk ^ ^ ^ 

a enan, modification „ f a Dich or Delated gane , such „ ^ | 

RNA transcript of a Dkk o, Dkk .„, aled gene , g) . ^ ^ ^ 

l a l?T r elic '° ss of 3 Dkk or Dkk - rela,ed ee - "> P- 

^ootralraod.^ooofaDkltorDkl-raUrad-pro.cra. A s deacribed herein there 
ara a rar.e number of assay teehni^a ^ „ lhe a „ whfch „ fce ^ 

A preferred biological s^iple is a Ussne or 
serum sample isolated by eonventional means from a subject. 

■0 In certain embodiment, detection of the aheration involves fc ^ of , 

probe/pnmer in a polymerase drain reaction (PCR, (see, eg, U.S. Patent Nos 
,6.3,195 and 4,683,202), such as anchor PCR or RACE PCR, or, alternatively in a 
ligation chain reaction (LCR, (see, a .g„ Landeg[m „„, ( , ^ ^ 

('^^".^O^Xdra^erofwbicbcanbeparricoWy ' 
(1995) At' e ' eC ''"* P0 '" t mula ' ions the Dkk or Dkk-related-gene (see Abravaya el al 
*" • 23:675 - <S82 >' ™* — - -'ude the srepa 

rr ?"; r a ^ Mcieic ■* «*«* - *** 

from the ceils of the sample, =„ nlacting the nuc|cic ^ ^ ^ ^ _ 

20 ZZT SPeCif!Ca " y ^ ,0 S ^ °' Dkk " rela,ed — "" d » — «- 
^^^""danrplificadonofmeDttorDU,.^,,,,^ ^ 

and detecng the prese „ ce or absence of an amplification product, or detecting me size 

the amphfieauon pmduc, and comparing ,h a , ength to a conlro| 
anticipated dra, PCR ra^or LCR m ay bo desirable to use as a pmlimmary 

25 Zl ^ ^ ° f ,eChni,UeS ^ *" de,Kti " 8 — d ^ 

^ ■* " ~ 

W-* «X ,990, Prac. Na ,l. Acad. Sei. USA 8 7: 187 4., 878) , 

amplification system (Kwoh, D.Y e/a/ iqsq Pm „ M A . „ . 

' • 1 • ef aL • 1 y »9, Proc. Natl. Acad. Sci. USA 86: 1 1 73- 

1177), Q Bora Replicase (Lraardi, P.M. e. a», .988. Bio,Teehno,o g y 6:1 ,97), orany 

omernno.eicocidampfifioauonmemod.followedbyraedetecfionofmeampllfied 
molemtlea using racbm qu es well knot™ ,o mose of ski,, „ fc „. ^ detection 
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schemes are especial, useful f or me delec| . , . 

- pres e„, h ^ , ow „^7" *— - 

or™ res.nc.ion endonudeases 17 ( °'" i0na " ,) ' *~ "» ~ 

''-P^deompareT^^^ 

- « „ (1996) JC K r;: ,ides prote <cronin ' 

M,*me 2. 753-759) For exan, , ' ' 

- - B n e fly , . fira hy JJ tio ™ " "k*"*"' C '° ni "' 

longstochesofDNAmasamo,. „ '° scan ,h ™8» 

seances o y making C<>mr0 ' " ^ »— * 

composed of paraljel probe Mls „„. , E "* """"""n array is 

35 comp,eme naiy t0 J^e " ^ ^ - - - — 

In yet another embodiment an „ n f 

. °y comparing me stance of me sa mp,e oltol 
*• -espondia, wiUMype ( °' ~ -* 

'4.500, or Sanger ((, 977) ^ ' «« «*»" ((, 977, ««, 

4 5463). I, is .to c„„,empla ted „« my „ f . ^ 
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of automated sequencing procedures can be utilized wh™ ^ • 
assays ((,995) Biases 19448) incl d ^ *" 

e s PCT In. , n 8 SeqUendng by mass spectrometry (see 

«•*, PCT International Publication No. WO 94/16101- rvo, , 

y4/10, 01 Cohen et al. (1996) 
GlnoMgr. 36:127-162; and Griffin et al (1 993) AddI * u ! 
5 159). ' WVAppl ■ Biochem. Biotechnol. 38:147- 

ev u;«jNAorDNA containing the wild-tvoe Dkk nr nn, 
«« P°«n«ally w RNA or DNA obtained * 
The double-stmnded doptaes „ ,„ aIed ' *° m 8 "">>*• 

control s W p,e slrMd , FoH„ s J hT ^ *" 

■ 5 RNase and DNA/DNA h y brid s J^TT " ^ ^ 

mismatched regions ,„ olher '° e " 2yraa,iCa " y dieeS,i " 8 "» 

can be treated L ^1 e " her " dUPteS 

20 siteofmnMon I f ""'"'''"""'"^'W^^.ode.ennir.te 
85.4397, Saleenae/^c,^^,^ 2 ,„ apreferred 

—en, .he conbo, DNA or KNA can be ,abe,ed for detection 

1" »I1 another embodiment, the mismatch cleavage reaction ™u 

«*yme of E. co,i cT™ 1 ^OM ^ ^ ** ^ * ™ Y 

15 1657 ,667, A eaVe ; Ta '°' rm ™" KlKS ( H — * (1994, Corcino^ 
5.1657 1662). Accordmg to m exanptoy embod 

3« ^aence, a ^ Dkk ^ ^ • «* 
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— « . Dtt . related nucle , a 1^ b T ded DNA - - 

>- The DNA fragmenu may h „~ *• *— <*~ • stn g ,e 

^^^».^t^CTT ,,i,hd,,,, * ,,l * 

slnjclure „ more ^ <rato *" D ^), in which the 

'5 cedent, the SU , M nHhod ■ ~ a Preft „ ed 

(Keen e/a/. (1991) Trends Genet 7\5) eJectrophoretIC mobility 

«WH is US ed „, mahod of / ; 985 ' *- 313:495). When 

uenanre, for _ p , e by addh * — - » ^ not 

"Smelting GC-rich DNA by PGR ,„ . ^ d * m,> of »PP™"natel y 40 bp of 

3 - ^pie DNA (Rosens and Reis^ nlT" " « ^ 

known mula „ 0 „ is , » mere "»y be prepared in which the 

'"•^•IBM, Snchalieiespeeinc 
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oligonucleotides are hybridized to PGR amplified target DNA or a number of different 
mutations when the oligonucleotides are attached to the hybridizing membrane and 
hybridized with labeled target DNA. 

Alternatively, allele specific amplification technology which depends on 
selective PGR amplification may be used in conjunction with the instant invention 
Ohgonucleotides used as primers for specific amplification may carry the mutation of 
.merest in the center of the molecule (so that amplification depends on differential 
hybridization) (Gibbs et al. (1989) Nucleic Acids Res. 17:2437-2448) or at the extreme 3 
' end of one primer where, under appropriate conditions, mismatch can prevent or 
reduce polymerase extension (Prossner (1993) Tibtech 1 1 :238). In addition it may be 
desnable to introduce a novel restriction site in the region of the mutation to create 
cleavage-based detection (Gasparini et al. (1992) Mol. Cell Probes 6:1). It is anticipated 
that m certain embodiments amplification may also be performed using Taq ligase for 
amplification (Barany (1991) Proc. Natl. Acad. Sci USA 88:189). In such cases, ligation 
will occur only if there is a perfect match at the 3' end of the 5' sequence making it ' 
poss.ble to detect the presence of a known mutation at a specific site by looking for the 
presence or absence of amplification. 

The methods described herein may be performed, for example, by utilizing pre- 
packaged diagnostic kits comprising at least one probe nucleic acid or antibody reagent 
described herein, which may be conveniently used, e.g., in clinical settings to diagnose 
patents exhibiting symptoms or family history of a disease or illness involving a Dkk 
gene. 

Furthermore, any cell type or tissue in which Dkk or a Dkk-related sequence is 
expressed may be utilized in the prognostic assays described herein. 

3 " Monitoring of Effects During Clinical Trials 

Monitoring the influence of agents (e.g., drugs, compounds) on the expression or 
activity of Dkk or Dkk-related molecule (e.g., modulation of cellular signal transduction, 
regulatton of gene transcription in a cell involved in development or differentiation 
regulation of cellular proliferation) can be applied not on.y in basic drug screening, but 
also in clinical trials. For example, the effectiveness of an agent determined by a 
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screening assay as deacribed herein „, tacrease Dkk „, D 

^^^^^^^ LJZZ, 

^ of sob^s errhibidng dTOd Dkk „ Dlk _ reia(ed ^ - 

ieveis, or downed Dkk or Dkk. re ,a ted activity. AlKraatjva|y fa ^ 
5 -^^™^ Dyascreening ^ ytodecreasEDttorDktreiaie — 
exproaaron, protein levels> or doimregn|ate Dkk „ ^ 
monitored in clinicn, niaia of subjects exhibidng i„ creased Dkk or 
~^'-Mrupee 8ulaMDttor ^. rehM ^ 
nais .he expresa,on or activity of Dkk or Dkk-reUted and, ^, other ge „ K ^ 
■0 have been rmphcated in, fo, exemp.e, . proliferalive ^ ~ ,. 

or markers of rhe phenotype of a panics ce „. " <"" 

For exampie, and no, by way of Umitadon, genes, including Dkk and Dkk. 
related genes, ,ha. rue modulared in ceI|s „ y 

ascreen.ngasaayaadasenbedhereinjeanboidan.i.ied. 
gonrs on P ro„fe rali va disordcrs> or ^ 

heretic disorder as we,, disorders character^ by abnomra, ce„ differentia,™ 
and/or survvu,, « abnorma, exrraceiiniar stnlclure , or an ablwnM „ ly „ , — 
mechamsm, for e*am P ,e, in a clinica, Wal, ce„s can be isoiaied m d RNA prepared and 

dtsorder aa we,, aa diners =barac,e ri2 ed by abnorma, ce„ differendadon lor 

respecnveiy. * ieveia of gene expression (L ,, . gene ex pres si„„ patteni) ^ „ e 
25 quantified by Northern blot analysis or RT PPR serf .... 

measnrino ,h , Cnbed herein ' or a '<™>dve,y by 

- nnng me m , of protejn „ fcy ^ rf fc ^ V 

»r by measuemg dre ,eve,s of ^ of ^ ■ 
d-e gene expression ^ can se„. aa a marker, indicadve of the P „ysio,ogic a 

before, and a, venous pomrs dunng of ffie ^ ^ ^ 
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■ rr.; -^zzzzz" 

•sent; („) de.ec,,„g the , e vel of express™ „f , Dkk or Dkl . . . 
10 samr.le*- /"v. ™ . B c nomicUNAin the post-administration 

z«rr ng ,evei ° f expressi ° n ° r -** — « - »h— 

Delated protein, mRNA, or genomic DNA in the post a dministration sam l Q 

samples; and (vi) altering the administration of the aaent to ,h w 

PVamnto • , agent to the object accordingly For 

example, mcreased administration of the agent mav be fW k, • 

, c g ma y be desirable to increase the 

1 5 expression or activity of Dkk or Dkk rel*.^ . • 

detected / , te ■ u ° ^ ° f Pr ° tdn t0 hi 6 her le -Is than 

aetected,/.e., to increase the effectiveness of th^o„ . „ , 

O^atednncieicacidorproteinto^er^ 

effectivenessoftheagen, According to such an embodiment, Dkk or Ok" 

20 :;;7°T* maybeus ^ 

in «he absence of an observable phenotypic response. 

C Methods of Treatment- 

The present invention provides fnr>wt.», u t • 

w«b abenan, Dkk or Okk-rebaed ,„! " * ' 
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-r as dasc * d A^ li0 ;™ b,n 7 ° f ^ 

2 ' ^22E£WicMetho^ 
Another aspect of the invention 

agent as described herein, such 
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- . -d* acid „, , proIein , . 

related protein, a peptide, a Dick or Dldt-rebttd „—•„ . "KKorDkk- 
molecule In ™w tJ - ukl<relattd Peptidom,met,c, or olher small 

molecule. ,„ m —bodnn-. ft. agen, stimulatK one or ^ Dkk 

protem acvrv. 0Isuch «* «*« 

be performed 0, vlln , cu , turjng ^ J"* ™«*°* « 

polypeprtdes, « ae,d S , aod rpodtdators drereo, «. used „ , J ^ 

~''w..n»bno m ,a 1 ora t ,„a„ tmet a b o Iisn , orftnctionofcel , s . 

which the Dick nr nn, i n the tlssues in 

*c Didc or Dkk-rdared protein or nudeic ^ fc 

hor example, tissues in which Dkk-3 is P vnr« ^ • . . 
- aud car,i,a g e, fcta, or*„, tag , Md ,^ 3 J ~ « - 

valves and , °" P artlcula r> atrioventricular 

corte, and h" ePiM, "' ,) ' * «"— of *. 

cone,, htppocautpu,,,^ , lung , md steleta] m „ sc , e *« 

polypcpttdea, oucieic acids, or moduiators theteof, can be used «, M ^ ' 
25 disotders, such as is e heraic hean disease " "** '° Avascular 

aod cttrouic iacMmie he art ^xZ^IT^ " ^ 
a;, , nypenensive heart disease, pulmonary heart 

card lomyop ath y , and hypertrophic cariomyopathy). 
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In anorber embodimen,, Dkk-3 pontes, nucfcic ^ or 
hereof can be „se d , 0 „ optjc disordeK ^ ^ ^ 

« !T 1 *— — * S'auc™, op«c 

neuron <,,., lschemic neimJpathy , opUc ^ ^ Miwive 

op**,, 0 . ^ ^ o neuroparaiydCi ^ »• 

*- sys^ic disease o r Seders of o,be r .issues (,,., diabe Ks 

^"'r' h ~*- - viramin A o r riboflavin de fl cienc y) , or Joes, 
neoplasms, and metastases. 

In another embodiment, Dkk -3 polypaptides> „ uc , ejc ^ ^ 

hemof, can be used ,„ bea, disorders of , be brain, SU cb as cerebm, e d ema, seniie 
demenba of *e A lz eimer type , apilepsy , ^ „ y ^ 

,.rose„c d-sease (due ,o, infecbnn, ^ „, drags) , inflammalions ^ 
nd v ra, me„,» gms , e„ C e P b.,i,,s, and eerebra, ,„xo pl as m osis,, cerebrovascuiar disenses 
(V. b yp „x,a, .schemia, and mfarcuon, i nlracra m a , hemoIlhage ^ 
ma^ions, and hyp e n e„si»e e„ce ph a, opalhy) , Md tu _ ^ 
eurona, rumors, bunors of P i„ eal ce„s, meningea, iumora, .rimar, and secondary 
Wb^nas, innacrania, rumors, and me-obiasroma), and ,„ .rear injur, or .rauma ,„ 

20 ,b /"T ererab ^ iraen, ' Dtt " 3 ^ yWtite - nMldCadd ^'^»- 
•hereof, can be use. .„ ,rea, pl ace„ t a, dis „ rdels , snob as .oxemia of pregnane. ( , , 

preeciampsia an d eclampsia), pl ace„«i, is , or sponraneoua abonion 

In a»,her«„b„ d imc„,, Dkx-3 polite, nucldc acids . 

W, can be uacd ,„ rrea, p ulrao „^ disorders, such „ ^ p 
consesbon or edema, cbronic obsbncive airwav diae a S e (, g „ em P b ys ema, chronic 
broncbma.b^ncbialaamma.a.dbroncbiec^is^im.seinrcraddaimaeaaeace, 

~" i0SiS ' — i— * Oood^nrc-s sy „drome, 
.uropadnc pubnona^ bemoaiderosis, puimonarv aiveoiar prognosis, desouamaiivc 
~ _ is , chronic inKraitia] pneumonii hamm 

"<«~.P"I™^ 

bronchoge„,c carcinoma, bmnobioioalveoiar carcinoma, broncbiai carcinoid 
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hamartoma, and mesenchymal tumors). 

*«* " T" T°*~* Dkko ^ ypep,ides ' nuc,eic - — — 

*•* can be used „ « disorders of ^ ^ ^ ^ 

^ ^ d — • — - ofblood supply , ot ^ < 

5 amyotonracongerma, amyotrophic lateral sclerosis of Cha™ a 

atrophy myosilis (due w ~ 

facioscapulohumeral, limb-girdle, myotonic ^ ^ ^ 

I! ' 7 * " b ~. —re, 

i™ JT, S in which is ™ inc,ude " rebeu ™' «— T- 

lymphocytes, ,„„ g , and esophagus . ^ ^^.^ 

2m, t c acids ' or moduia, °' 3 *~* - * - » - *— — 

such as distu ,ba„ces of synergy fr> ^ 

d^ mp o S ,,,or , of hypomctria, dysdiadochoki „^ ' 

tremor, ^ nyM8mlls) , dislurbancK „ f ' 

mvolvrng the vesribuiocerebellum), disturbances of gai, sunce, or tone (due ,„ . 

hereof ^ -* « — 

hereof, can be used lo treat lymphocytic disorders, such as lymphopenia, 

lymphocytosis, ae U ,e and ch™ic ,y mphade „ ilis , 

Houghm . lym^omas, „ odekin , s |ymphomas kukemias muitipfe J 
h-snocyrosea, a™) a^gioimmunoblastic , ymphadenopathy) 

•hereof'" T" ^ -* « «—» 

30 Z 7: " ChrodC 0bSm " ,iVe *~ olio 

30 brono „,s, bronchiil ^ ^ ^ 

lordosis, pneumoconiosis, bypersensiriviry pneumonitis, 0oodpasture , s ^ 
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-* ~, PUta0Miy eosinop ™ *z g *^ h ™™- 

5 ^wveo j^if rTr a) - or n,mors (es - 

h — • - n,e S e„c hyraa , lumors) WCm °""- ^ 
gr aft .v e „„ s - host disease *■ " aCKreD " a ' — * N- Utah* uremja> 

<~, fibromas , lipomas *"* ° r neop,asms ( **" 

modulators thereof can h , P^pe^es, nucleic acids, or 

lesions, atrial or ventricular sen. a l „ r obst ™tive 
cariomyopathy). myopathy, and hypertrophic 
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rn another embodiment, Dkk-2 polypeptides, nucleie acids, or modulators 
thereof, can be used to treat disorders of the brain, such as cerebral edema, senile 
dementia of the Alzeimer type, epilepsy, amnesia, hydrocephalus, brain herniations 
•atrogenic disease (due to, e.g., infection, toxins, or drugs), inflammations (e.g., bacterial 
5 and v,ral meningitis, encephalitis, and cerebral toxoplasmosis), cerebrovascular diseases 
{eg., hy P ox,a, ischemia, and infarction, intracranial hemorrhage and vascular 
malformations, and hypertensive encephalopathy), and tumors (e.g., neuroglial tumors 
neuronal tumors, tumors of pineal cells, meningeal tumors, primary and secondary 
lymphomas, intracranial tumors, and meduUobiastoma), and to treat injury or trauma to 
10 the brain. 

In another embodiment, Dkk-2 polypeptides, nucleic acids, or modulators 
thereof, can be used to treat placental disorders, such as toxemia of pregnancy (e.g., 
preeclampsia and eclampsia), placentitis, or spontaneous abortion. 

In another embodiment, Dkk-2 polypeptides, nucleic acids, or modulators 
15 thereof, can be used to treat pulmonary disorders, such as atelectasis, pulmonary 
congestion or edema, chronic obstructive airway disease (e.g. , emphysema, chronic 
bronchitis, bronchial asthma, and bronchiectasis), diffuse interstitial diseases (e.g., 
sarcoidosis, pneumoconiosis, hypersensitivity pneumonitis, Goodpasture's syndrome 
.diopathic pulmonary hemosiderosis, pulmonary alveolar proteinosis, desquamative 
20 interstitial pneumonitis, chronic interstitial pneumonia, fibrosing alveolitis, hamman- 
rich syndrome, pulmonary eosinophilia, diffuse interstitial fibrosis, Wegener's 
granulomatosis, lymphomatoid granulomatosis, and lipid pneumonia), or tumors (e.g., 
bronchogenic carcinoma, bronchiolovlveolar carcinoma, bronchial carcinoid, 
hamartoma, and mesenchymal tumors). 
25 In another embodiment, Dkk-2 polypeptides, nucleic acids, or modulators 

thereof can be used to treat disorders of skeletal muscle, such as muscular atrophy (due 
to, e.g. , denervation, malnutrition, loss of blood supply, or neuromuscular disease * g. 
amyotonia congenita, amyotrophic lateral sclerosis of Charcot, and progressive muscdar 
atrophy of Aran-Duchenne), myositis (due to, e.g., bacterial, viral, fungal or parasitic 
30 mfecuon), muscular dystrophies (e.g., Duchenne type, Becker type, 

facioscapulohumeral, limb-girdle, myotonic dystrophy, and ocular myopathy), 
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myasthenia gravis, or tumors and tumor-like l^innc e 

5 Soggy- 1 i s expressed in, for example testis (, 0 

gangha, cartilage primordium of the nasal septum anH 

CB.tlS),,„fl ammator , dlscaSKtesuJ[ . 

mumps), and tumors,*,. ,,. oywmcUon (e.g., gonorrhea and 

~ -«*--««--* >" another embodiment. Sogg,., 

tor example, spermatogenetic failure. 

15 an a. ,777' *" — * an agent (eg 

an g n, , dent ,f Kd by . screen ,.„ g ^ ^ J S«<£ 

modulates (a.g., upregulates or downregulates) Dkk or Dkk-relared expression or 
,„ another emoodimen, Ure method invoivea administering a ZZL 

sttnof,H~- ■ • "™ 0rDkk - rclated Pmtein which includes the 

2 * — «, a the™* effective amouo, of » ^ „ . ^ „ £ 

--.kandr m r^~::rr yate " a,,o2 °^ 
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subject with a therapeutically effect amount otm cm 

subject is .reared « amibody m fc " ""^ 2 Prefemd — * a 

8 of towee n about 0. 1 to 20 ma/kn bnrt v 

weight, one time per week for between about I to to ,. 
e , 0,0 weeks . Preferably between 2 .„ a 

5 weeks, more preferably between about 3, o7 week, ^ 

4, 5, or 6 weeks I, win „„ „ " Preferibl >' "" ab « 

. weeks. It wdl also be appeared tha. the effective dosage of aotibodv used 

Chan g « ,„ do.ee may resuh from „ e ^ of ^ 

.0 Dkko,^ , DkkWDkl -" late '^^-«-»— on^whioh 
or 27 Y " abn0m,a " y de "— » -* incmased Okk 

lolT r " deS ' rab,e ^ ShUali °" S ** "* « "ed activity Is 
t ~ d *" *— « or Dkk-related activity is lij, 

W have a eaenciaf effect. One cample of such a situation Is where a subject nl 

-Pie of such a sduatton is wbere ,he subject has a proHfenaUve disease (. , cancer, 

or a neurogenerative disorder Yet ann.hr.r « . * } 

desireable to ach • ? ° f 4 S ' tUati ° n is where » is 

d W to acnetve ttssue regeneration in a subject (,*, where . a subject has 

undergone brain or spinal cord injury and it i, ^ • ui 

20 regulated tnanner.) ^ t0 - a 

Accordingly, in one embodiment, the disease is . di sease characterized bv an 
can be a hyper-or hypoproliferative disease Tt,» • 

resoto f,„ m a defect other than an abnormal Dkk activity. 



25 



30 



WO 00/52047 

PCT/USOO/05452 

therapeut cs) include m^r 
— W^-b^.^rt,,,. The "JndT 31,1 comu, ions, premah'gnant 

=P«a ^ carcinomas „ fc ^ «"* <** cancan of ,h e 

glands C«.g, adeoocarcino™, J*"* S '° raaCh ' "*»• «ver, 

-4 -X ova,, J, Jit ° : Cm ° m ; X ~« « ^ P,os,a,e 

of connect UssilK> ^ U ' 0bta °™ - "..nobtaoma); and canoe* 

^nc, neart, muscles and vasculature r„ 
° S,eosare ™>- Addition,! solid Iumore _ . a ' Ure sar ^. f°"*an, p ,e, 
** - be found in a tnedic., "** ~ <»- 

can be Mated wilh a Dkk olh « Pmltferattve disorders (hat 

- ~™ * «*- o, decked Methods,- "* *" 
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deve,„ p „ ent f ^ For examp|e )he deveiopmem ^ a (umM 
• h '-'-»«»fa S pec ific ,c si „ n , suchasapre .„ eop , asticles . oni j> 

5 lesions can be found, e. g „ in epithelial . issue Thus the ,„„.„,' 

• t •■• • nus > me invention provides a method for 

udubttmg progression of such a lesion into a noon,..,- I ■ amemodfor 
torhesuhi^h ■ on,nloane »Ptoic lesion, comprising administering 

to subject having . pre „e 0plasIic iesion an amount of . Dkk „ 

■h^peuuc sufficient , 0 mh ibil progression of , he ^ ^ ^ ^ 

' 0 condf 7116 TT ^ Pr ° VideS fM « *~ « 

ondmons ,„ which proliferation of ce,,s „ desired. F or e„m P ,e, Dkk or Dkk , e|ated 

If 7 7 T" ^ he """ 8 *" ^ °*- dh — " Potion 
of ecus , desired are hvpoproliferative disease, diseases characteriaed by an 
1 5 abnormally low proliferation of certain cells. 

In yet another embodiment, the invention provides a method for treating or 
prevents diseases or conditions characterized by aberrant cell differentiation 

20 I " Zed ^ " inhibhi0n ""— on which may or 

^ not ,be accompanied by excessive proliferation. Alternatively, Dkk or 
therapeut.es can be used to inhibit differentiation of specific cells 

In a preferred method, the aberrantly proliferating and/or differentiating cell is a 
cell present in the nervous system. A role for Dkk in the n, • 

c IOrJJkkmthenerv ous system is suggested at 

P« f-*e factor hu.au D^ia^^^^^ 88 

According*, the invention provides nrethods for Ueating diseases or conditions 
a™ with a centra, or ^hera, nervous system. For exan. P ,e, the invention 

P ^erauon, differentiation or suaviva, of any of .he Mowing cells: ce„s of the centra, 
nervous system mCuding Md gUal ce „ s ^ 

30 -d sn PP o„mg ce„s of „ neurons (eg., Schw„„ ce„ s aud s.,e,L oa„s, 
Disorder, of me netvous system ,„c,ude, bu, a re no, , taittd to: spina , * 
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bmin injuries, brain tumota aslrocylic , mors fc f ^ ^ 

l«io„ s associated with surgery, ischemic lesions, ^ ignant lesions 
■nfecous lesions, deprive lesions (e.g., Park i mo , s diseasa , Al2heime , s ^ 
Huntington* chorea, anryooophic iareral sciemsis,, demyeliniadng diseases (e g. 
5 muhipie sclerosis, hrunan immunodeficiency associared myeioparhy, nansve^e " 
myelopathy, progressive mufiifoc,, ^encephalopathy, pontine myelolysis), moior 

M sc e TO , s , tafimtile „ airophy progressjve ^ ^ 

chddhood Faao-Londe syndrome), poiiomyeliUs, and hereditary „ OOM , 
10 neuropathy (re., Charcol-Marie-Tooth disease). 

In another embodiment, the invention provides a melhod for enhimcji|g ^ 
aurvtva, and/or stimulating proliferation md/or differMtiation ^ ^ ^ ^ 

vnro. in a prefaced embodiment, Dkk or Dkk-rclated therapeudes are used ,„ promote 
..saue regenemnon and/or ^ ^ , 0 ^ ^ ^ ^ ^ ^ 

5 subject can be obtained and grow, ,„ „,,«, i„ me preSOTCe of . Dk „ „ 
•herapeudc, such tha, th. tissue cells m sfimuhded M ^ 
The tissue can then be readministered to the subject. 

Among the apptnaches which may be used to ameliorate disease symptoms 
mvolving an aberrant Did. o, Dkk-re, a ,ed activity sndlor an abnonMl re „ proIiferatio „, 
dtfferennanon, nnd/or survival, ate, for example , ^ ^ ^ 

molecules described above. Examples of suitable compounds include the antagonists 
agonists or homologues described in detail above. 

Yet other Dkk or Dkk. re ,a,ed therapeutics insist of . flrst ^ 
Dkk or DkK-rCated peptide capable of binding to . Dkk ^ ^ , ^ 
which ts cytotoxic. Such thetapeutica can be used to speciRallly arget ^ |yse ^ 
expressing or overexpressing a receptor for Dkk. 
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3- Pharmacogenomics 

The Dkk or Delated molecules of the present invention, aa wd , or 
modulators which have a stimulatory or inhibitor eft-en, on Dkk or Dkk-relMed a c,ivi,v 
(eg.. Dkk or Dkk.rela.ed gene expression, as idemified by a screening .ssay described 
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hemin can be adnunis^d ,„ i ndividuals t0 ^ _ ^ 

TT,T pro " fe ™ ,ive or dev " opraewal diso ' d -> — - ■* » r 

Dkk-mUmd aotrvtty. ,„ eo„ jlmctio „ wilh suc „ pham ^ 

,udy of.be ——MP between « Mvidual , genotype ^ ^ 

"afom.gncompormdordn.gjmaybeconsitfcma. Differ in maabolism of 
.herapeu.cs can lead «o Severn ^ „, ^ ^ by fa 

be,„ee„ dose Md Wood c.„ce„, r a,io„„, ln e plMnnacologica||yactive 

phystctan or clinician may consider app. ying oblained ^ ^ ' 

-dies in ——fata, whcher ,o a dm i„i SKr . Dkk or Dkk . re , aKd 
10 molecule or Dkk or Dearer, mouulato, as we,, as Coring the dosage ^ 
•herapcuuc regimen of .rearmen, with a Dkk or Dkk- re ,a, ed moiecoie or Dkk „, Dkk . 
related modulator. 

Phannacogenomics deals wirh chnicaU, significant hereditary 
response ,„ drugs duo ,o airerod drug disposi.ion and abnonnai acrion in affected 
perrons. See e.g., Eichclbaum, M., Clin Exp Pharmacol Physiol, ,996, 23(10-1 „ 983- 
985 and Linder, M.W.. Clin Chen,. ,997, 43<2):254-266. ,„ gone™,, ,„o types of ' 
Phannacogencric condirions can be differed. Gencic condirions transmitted aa a 
smglo factor „,enng me way drugs act on the body (alreted drug action, or genetio 
oonddions ; transmitted as smgle facto, altcnng the way the body acts „„ drugs (allered 
30 drug metabolism,. These phamaacogeneric condidona can occur either as mm gLc 
de co K or as natumfiy-occurHng poiymo^hism, For ettampie, g,uc„se-6.ph„spha,e 
dehydmgenaao deftoienoy (G6PD, is a common inherited enzymopathy in which the 

suffonamtdea, analgestcs, ntoo ftea„ s) ^ ^ ^ 

25 One phtumaoogenomios appmaoh to identifying genes predic| 

*-» - "a genome-wide asaociadon-, rchea pfim^ily on . high . resoWon 
-» of ft. human genome consisting of almady known ge „ e . re , ated ^ . 
a„el.c gone marker map which consists of 60,000- 1 00,000 polymorphic or vaiiaMe 
stms on me human g e„ome, each of which has two variants., Such a high. re so,u.ion 
genchc map can he compared ,„ . map of lhe m rf ^ rf> ^ 
stgntficun, number of patients taking part in . Phase IImi ^ ^ „ 
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smgle nucleotide polymorphisms (SNPs) in the huma " 
"SNP-J,, . 1 lNrs ^ lntne human genome. As used herein a 

SNP , s a common alteration that occurs in a single nucleotide h • 

individual genonte . h 8 eSdePend ' n8 °" a l' a """"'P»en,„ f SNP sinU , eir 
Alternatively, a method termed the wj . 

8 e„, ta Predic , dIU8 respo r A n t approach "- ™ * ^ -° 

a pantioda, dnag response ° f — * 

- seven, rautMions tave ^ identifled ^W2M - **F Polymorphic 

functional CYP2IK p . ° '" ™' ^ ch a" lead to the absence of 

tonalCYP2Do. P «"d">aWizer S ofCYP2Do»„dCYP2C19 ou i 1( , fr , 
experience exaggemted drog ^ „ d ^ *' » *» te 

30 If a metabolite is the active th„» .• e " KK When ««'ve standard doses. 

igesic effect of code.ne mediated by its CYP2D6-formed 
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metabolite morphine. The other extreme are the so called ultra-rapid metabolize, who 
do not respond to standard doses. Recently, the molecular basis of ultra-rapid 
metabolism has been identified to be due to CYP2D6 gene amplification 

Alternatively, a method termed the "gene expression profiling", can be utilized to 
5 .dentafygenesthatpredictdrugresponse. For example, the gene expression of an 
ammal dosed with a drug ( , g ., a Dkk molecule or Dkk modulator of the present 
mvention) can give an indication whether gene pathways related to toxicity have been 
turned on. 

Information generated from more than one of the above pharmacogenomics 
approaches can be used to determine appropriate dosage and treatment regimens for 
prophy Ia ctic or therapeutic treatment an individual. This knowledge, when applied to 
dosmg or drug selection, can avoid adverse reactions or therapeutic failure and thus 
enhance therapeutic or prophylactic efficiency when treating a subject with a Dkk 
molecule or Dkk or Dkk-related modulator, such as a modulator identified by one of the 
1 5 exemplary screening assays described herein. 

This invention is further illustrated by the following examples which should not 
be construed as limiting. The contents of all references, patents and published patent 
applications cited throughout this application are hereby incorporated by reference 
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EXAMPLES 



The mvention is based, at least in part, on the discovery of a family of genes 
encodmg human cysteine-rich secreted proteins which are related to Xenopus Dickkopf 
(Dkk) proteins. This family includes hDkk-1, hDkk-2, hDkk-3, and hDkk-4 hDkks 1-4 
25 contain two highly conserved cysteine-rich domains (CRDs), the most C-terminal of 
winch demonstrates similarity to the colipase protein family. The invention is based 
also m part on the discovery of a family of Dkk-related proteins, referred to as Soggy 
proteins, as well as the genes encoding Soggy proteins. Soggy-, is a novel secreted 
protean which is related to the N-terminal region of Dkk-3 but lacks CRDs The 
30 following examples illustrate the structure and function of each of these novel human 
secreted proteins. 
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Examplel: Isolation And Characteriza tion of Human hPkk-3 cDNA 

In this example, the isolation and characterization of the gene encoding human 
Dkk-3 (also referred to as "hDkk-3", "Cysteine Rich Secreted Protein-1", "CRSP-1" 
"CRISPY-1" or "TANGO 59") is described. 

Isolation of a Human Dkk-3 cDNA 

The invention is based at least in part on the discovery of a human gene encoding 
a secreted protein, referred to herein as human Dickkopf-3 (hDkk-3). A partial cDNA 
was isolated using a Signal Sequence Trap method. This methodology takes advantage 
of the fact that molecules such as Dkk have an amino terminal signal sequence which 
directs certain secreted and membrane-bound proteins through the cellular secretory 
apparatus. 

Briefly, a randomly primed cDNA library using mRNA prepared from human 
1 5 fetal brain tissue (Clontech, Palo Alto CA) was made by using the Stratagene-ZAP- 
cDNA Synthesis- kit, (catalog #20041). The cDNA was ligated into the mammalian 
expression vector pTrap adjacent to a cDNA encoding placental alkaline phosphatase 
lacking a secretory signal. The plasmids were transformed into £ coli and DNA was 
prepared using the Wizard™ DNA purification kit (Promega). DNA was transfected into 
20 COS-7 cells with lipofectamine™ (Gibco-BRL). After 48 hours incubation the COS cell 
supernatants were assayed for alkaline phosphatase on a Wallac Micro-Beta scintillation 
counter using the Phospha-Light™ kit (Tropix Inc. Catalog #BP300). The individual 
plasmid DNAs scoring positive in the COS cell Alkaline Phosphatase secretion assay 
were further analyzed by DNA sequencing using standard procedures. 

Using a partial cDNA isolated by the above-described method (clone Amhb3c2), 
a full length cDNA encoding human Dkk-3 was isolated from a lambda Ziplox™ human 
fetal brain cDNA library using conventional hybridization techniques (Sambrook et al, 
supra). The nucleotide sequence encoding the full length human Dkk-3 protein is 
shown in Figure 1 and is set forth as SEQ ID NO: 1. The full length protein encoded by 
30 this nucleic acid is comprised of about 350 amino acids and has the amino acid sequence 
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shown i„ Ftgtue I and « fonh „ SEQ ID NO:2. The coding portion (open reading 
frame) of SEQ ID NO:I is set forth as SEQ ID NO:3. DNA for the clone Fmhb059 was 
deposited with the ATCC as Accession No. 98452. 

Analysis of Human hDkk-3 

Detention of the hydrophobicity profile of human Dkk-3 having the amino 
acd sequence set forth in SEQ ID NO:2 indicated the presence of a hydrophobic region 
from about amino acid 1 to about amino acid 22 of SEQ ID NO:2. Further analysis of 
the amino acid sequence SEQ ID NO:2 using a signa, peptide prediction program 
predated the presence of a signa. peptide from about amino acid 1 ,o about amino acid 
22 of SEQ ID NO:2. Accordingly, the mature hDkk-3 protein includes about 328 amino 
aads spannmg from about amino acid 23 to about amino acid 350 of SEQ ID NQ 2 
The presence of the signal sequence, in addition to the fact that hDkk-3 has been 
.dentified using a Signa. Sequence Trap system, indicates that hDkk-3 is a secreted 
protein. Furthermore, the prediction of such a signa. peptide and signa, peptide cleavage 
s,te can be made, for example, utilizing the computer algorithm SIGNALP (Nielsen, et 
al, (1997) Protein Engineering 10:1-6). 

Examination of the cDNA sequence depicted in Figure 1 shows that human Dkk- 
3 ,s part.cu.ar.y rich in cysteine residues. As shown in Figure ,, hDkk-3 contains 20 
20 cysteine residues located between amino acid ,47 and amino acid 284 of SEQ ID NO- 2 

^sregionhasbeentermedmecysteine-nchregio, These cysteine residues can form " 
10 disulfide bridges. 

A BLAST search (Altschul et al, (1990)./ Mol Biol 215:403) of the nucleotide 
and the amino acid sequences of hDkk-3 has revealed that hDkk-3 is similar to a chicken 
cDNA encoding a protein of unknown function having GenBank Accession No 
D263 1 , . This cDNA was isolated from a chicken lens cDNA library and was shown to 
be expressed in lens fibers and lens epithelium, but not in neural retina nor in liver cells 
Sawada.., (19 96)/,,,Dev. Ao , 40:531). hDkk-3 and the chicken protein have " 
56 /0 ammo acid sequence identity and 72% amino acid sequence similarity. The amino 
actd sequence similarity between the chicken protein and human Dkk-3 is particularly 
h.gh m the cysteine-rich domain of hDkk-3 which is located between amino acids 147 
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a nd284 0 fSEQr D NO-2 I 

*"^-^ hfc i^2 2B *-*»-«-*w Mfc-1141 , 

Two 8MMrecenUyideiitifi 
Accession Nos. U3233, m d AP „ 34208 >-"WWH» W 

~ a gltaWastoma M11 line c„ py of ctaomosome 

"*» of identily te|ween «^ - ~ as Fi 8ure 12 . jndjca|ed 

**-«. a„o SU6ges , , ha , hDkk P 3 * J»- *- -d. hDU-3 wi[h huma „ 
" WD N*»d ta •na* veIopn , em — » a , , 

For Northern Wots aJJ hvb Vf • 

were prepared hv - s °i"tion (Ciontech) for I -?n k~ 

^ pared by random pri me d radiolabel.ino n> ■ 0U "- A,J P^bcs 

^orad iogra p hic fiJm . „ ybridi2at . " 0 SSC/0 2% SDS and exposed to 

Zat '° ns 0f a co *r°' P-actin cDNA probe • 

A probe consistently 
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d ~^ve„ loadingof 

— » -fa. raR NA sampte m fccriM ^ «* ^W-**. „ f fc 

-** .owe, Ievels of hDUt . 3 £ «»*» «. 5kb) jn feaI bra(n 

N*W mR N A was f0lud fa ^ *** However, no si griificam Ieve) „ f 

Hybridization of a Clonal, u 

" *— ~* ^ pMcr K ^ *** ^ P.-ttta, lmg> 

** ^ P ,aceo,a Md lung . ^ ** * ^ Md muc „ 

**W orpancreas , nteres * 3 mRNA was „ bserved h 

» « « eapteaaet, a, detect, J^ ^" 7 "*» h ■> h Dkk -3 

— 40.5J,, «"*-»«.«, herfSawa.aa,,,, ()996)/w ^ ^ 

Finher hybridation of a Clomeeh h 

» ^^Ai S o 1 a M L^;^77^-e IS ofe, PTOsiOTof 

^"D^isexp^aedta,,,. 
~„ observed jn ^ ^ ^ sp JP~* ma „„er, wi„ „ e ^ 

«*W Caiao referre. to aa ^ tntTc^ 0 " *~ — « — 
— C RS ,, or .m^ CRfS^^ «* , 
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^jfication^f ^ur,-^ Dkk . 3 c ^ 

A full length mDkk-3 cDNA was identified hv 

sequence to a proprietary EST n k " C ° mpanSOn of ** Wtk-3 

proprietary EST Database using the BLAST y,i 

identified in a adult mouse brain cDNA I h g °"^ * ^ d ° ne 

* ^^-i^s^-r-- dna 

3 is priced to have a signal —id. f K! '° n N °' '804. mDlck. 

amino acids 24 to 349 of SEQ ID NO: 1 7 ^ k" 8 ^ COrres P ondin 8 l ° 

10 ^2H£Distribj«jo^^ 

To determine the expression pattern of mDkt i- • i_ 
performed as follows Nor™, hybridizati °n ™s 

from C57BL/6 JT K 7 ^ ^ « Elected 

C B L/ , mice> embedded ^ TjssueTekTM q ^ t CompQund 

U -^ A., Inc., Torrance, CA, fmrpn a 

^ ^*), rrozen on dry ice, and stored at 8n<v> o 
15 sections (Sum) were thaw m , St0red at C. Cryostat serial 

^ 6re ^ mounted on Superfrost Plus™ slides rywR . . . r , 

Ct *™and air dried onaslide warmer, 40'C for 2 

then fixed with 4% formaldehyde in DEPC tr 1 "'^ SeCti ° nS ^ 

(PBS, P H , 5) at room temper^ Ph ~"^ saline 
W« • minutes and rinsed twice in DEPP PRS 

Sections were rinsed in n i w » • . "*-""BS. 

M tneth an°Iamine-HCl (TEA nH R n . • u 
20 acetic anhydride-TEA for 1 n mi ♦ , * } ' incubated 0.25% 

tA tor 1 0 m,nute s and rinsed in DEPC-2X SSr ^ a , 
ctrate). Sections were dehydrated thro, u • SS C (standard sodium 

100% chloroform for 5 & & **** inc ^ated in 

cniorotorm for 5 minutes, rinsed in 1 00% and qW , r 

dried. and 95/0 ethano ' fo r 1 minutes and air 

Probes were labeled wiih35 s . UTpm . Kn . ViUNO.31). 

)• bvbnd 12 ,,to„ coeval, conlatoed: 50V. fcrmamide , , 0% ^ 
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o.,% ^ ium dodecy , 

solution, 0.6 MNaCI, lOmM Tris (pH J5)l upn"™ 'hiosulfate, IX Denhardl's 
RNA, and 3^ , aWed P ' I- «NA. 0.5 me/ml yeas , ^ 

«*» were th e„ covered ^ a J" ^— - P. on each The 

"), 500 mM Nad, and , mM E * """"^ '0 mM Tris-HCI (pH 

SSC « "~ -~ -hed h 2 x ^ " «"". *" *- - 2 X 
>»«0. 2 x SS Ca,60°Cf„,,h Section ° ' h ' 0 2 * 55-C for lh , 

----- iTOginsfllmf j^2 - sed,OKodak 

- -PPOc™^ ta was „ 0 , obseryed » * *W, locked ,„ ,„ e conex 

™ 8 nifica,io„ conned fc mDkk 3 " *" "'"^ Higher power 

.o a. ad U „ eV e, "~ ' 2ed '° " ei "°" s *~ 

valves ^ t C ^ mDkk - 3 *— ft. 

u ^iso in myocytes of the atno t 
— «- <o .he a,ria and noti J* *» E *P—o» was highly 

expression of mDkk3 mRNA ^ ' *7 Vem '«"» *». High level 

fi, " C "° n! ^ cardiac toea. 
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- P-cess ing) of " ° n ** P ° St -^a t iona, Nation (e g 

Expression constructs for two forms of hDtt 
—Han expression vector pMET-sJ 7 ^ ^ *■ 

10 ^prised the entire hDkk-3 protein cod (hDkk - 3 %Mong) and f orm -2 

^-3flag, hort) ACtfi Pr ° einCOd ^ sequence except for the fi na,, 8 
(SEQJDNO-,9) ^-terminal sequence encoding the FLAG e 



=^^-5£pression 
Expression constructs for hDkK-3f, aoI 
«-fa«i*2WT^ usi„ gl0 rf^ On8 " dhDkk - 3flafiShort -e 

C,ce Uswerefcdlvjth|m|o ?»80/„ connuem After5 

T te , fcoth forms of ^ * ™ ibody KL 

e0ff0l,rp0K ^^feN. linled 
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glycosylation in the hDkk-3 protein (e s ata u , . 

and204-207ofSEQIDNO:2). ^ ,06 - 109 ' '21-124, 

Degiycosylatinn W^nirlQ 

««. me appro p riatt consIm:ts " KKd 72 after transfer 

(S^, for ,o„ra at 4 . C bI "* 5 ° ML anli - , ' a8 M2 «-* 

* <~ «eads were washed with prq / 

10 — «« - M ,H Ttiton X-To " f C °" ,ainin8 - 

t or 2 o raM Phosphale , pH 5o EDTA T ;; ,„ 2 „ M 

buffer) together with 0 S% SDS w , O.IG/osod.um azide, (incubation 

"pemaian, waa spl , L ^ f °' 2 The 

,s ~ <2omMT ' ,s ™ 

">°'-e„zymebuffe, al o„ eascoll , roI Afte r 18h 

"oiled in eoua, volumes of SDS-PAGE buff A " ^ ^ W " 

o.o.<in 8 . For WKttm Malysjs *™ bUffer " d by SDS-PAOE «, Western 
SDS-PAGE on «0 % ^ ^ "JT ™* - 

ebemiluminescent reagents ,1W Ametaham). developed 

fita (Biontax MR2 Hm,, KoJ, ^ » —geaphy 

. UUIi ^ fe ^v«-d«c nb e dmahodoI 
proretn diapl aye d . significaw 8y ' "» <"»«n».ned tha, hDkk -3 

40 W fonowing deg,yc„ sy , a , ion . Th £ 'J ° bS ^ - -H— of 45- 5 5 and 
—W. potentia, sites ^ ° ' 6 " C0 " S,S,e "• *• of 
* heterogeneity of d*^££" * ^ * — * 

incomplete removn, of carbohydrate from P ' TOSsi "8 « 

" ^ieswaaauoo,^ ^""^fc A30 kDhDkk3 

expert, the mobility „ f which WK 
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ITT ™ S ^ ° n,y ° bSerVed ^ ^ of the 

samples and may be a non-specific degradation product. 

Large Scale hDkk-3 Protein Pm*„ t ;™ 

I W Op .MEM fo, 5 hoU r Sat 37 . c . „ m , ofl0%FCS/DMEM ^ 

- — ove mig h, „ 37°C. 2 < hours after „ sun of _ ^ 

« was asphtted Md 35 mls OptiMEM ™ added ,„ each p,a,a a „ d ,he pla ,es 
.0 ~ . 3TC f or 72 Hours. c„ ndili „ ned medium was ha _ d P spun a , 

* » nun. 4-C, and fflttred through . 0 , 5 micron filKr onj| , ^ ^ - 
over a , , , ,„ ml , FLAG M2 ^ ^ pfis 

!l IT? Upo " a protti - - k - *— * c. 

MO-l Samp.es coreeaponaing ,o couponed mediuu,, fl„ w lhrough Md £ , UKd 
fa— were MlyKd „y Cookie biue and siive, s,ai n ed SDS-PAGE a., by 
western bio. analysis as dKcribed above s . gnif . cam immunOTeac . v . y w . ih . n 

20 ZT la h wi8hl "* of 40-65 kDa was de,ecttd in — - — 

factions bu, „„, ,„ Ure „ow rhrough sam p,e, indiMting thal the ^ ^ 

• . - -fed corpus. c „ Wue stajning of SDs pAGE suggesKd J 

; d °~ m ~™ >90% of ,he p™^ presen , in ^ 

b=™ d » d e.u ttd pro t ei„pe al , ^^^^^ 

l.DkJ,. 3f , ag ., on g prote ,„ a , a c„ ncenMti0 „ of approxima , ely , mg/ml 

Ea»mple 4: Isnl a .. n n .„.. r-. rMttriMI „. „ f 

3» Dkk 4 r is rr *■ isoiauon ^ «*• *«* — • 

(alS ° ^ 35 - hD ^-. "CysKine Rich Seeded P r „ te i„. 2 . - CRSp ,., „ r 
"CRISPY-2") is described. 2 ° r 
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l52lS!i2!iand Anal vsi* n r o o 

To identify „ovd proteins related to hDkk 3 t h H 
sequence was used to search the dbEST databa "*» «*■ 

5 BLOS ^ 62 searc hm atri x , A dbEST ™ Aversion, 2.0, 
as having ho raoIogy to . portion o^e ^Tn ^^^^ was 

^ined »o m the ,M AGE consortia Md ^ ^ ^ ~ *« was 
sequence depi cted in Figure 2 ^ * the ^ire hDkk-4 

>hea milKacidK , UMCeSEQiDNo "°«E QIDN0:5 . FmheraM|ys , of 

P-diCed 4. praence „ f , . S '" S ' s '^' «** pmHcHon p rogram 

I ^e_DisU2bj«j^^ 

0 * PCR « ^ specific pcR ^ - ~ of a cDNA „^ pand 

—*d in a**. prepared fn , ra P " US '" 8 "* produc, „ ere 

a»a«o P ha 8 „ s . ^ be " l ""- MivaM, »™»T- l y m phoc y , e s,, un8 



was consistently 



a » tfo™ oq, mdl5 . l7iD - ( ; ~ ~a ttly 40 a [form (i)J> 30 

*-**. si , K f rora — — -» -he a 6se„« of N- 



m 
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Todetennineth 

^ Pro '«" «* joo mM *» «** -* PBS, pH 7 . 4 ^ 

^ Protem bound to PVDF mem h ° £ 31,(1 we *em Wot 

"~ Edman-basedche^ ' ^ •** 

* ~ - ^ he^ t t ""7 — 0 and 

^ N-tennin.1 sequel „ f h 7 ^ SKm **« S . 

SQGRKGQEGS (SEQ ID ^ ^ *« * * 

*" " " «— IT Wed via di J ' b S " ^ «— W- '~ 



15 



20 
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* ,s «*»pte, the isolation!^ 
°"-< W» tefe^d to as "hDkk-1 ^^7°" *"* - 
•CRISPV.3., is described. 6 ** SeCreM P '°*W, -CRSP-3- or 

5 

Searching a proprieta/y database of EST • , 
WW. an pmiaI nM KT "*—■« osing ^ 

*- cDNA libray ^ t „ e - a oiooe fem . human 

^* *-«««... was dented ^ ~ * 3. DNA 

M»k- 1 has , predkled sj AW as Accession No. 9.633. 

«°* Ceo.ge of „hich ^ ^ « «— . to 20 of SE0 , D 

Northern blot analysis n f„ Q - 

^'^Wiirl*., A . "J" rfcmKd 38 P-io„ sly described 
h " m " * no, ,„ othe, tissue!,^ *— « «* ««* 



Fla« ep.tope-agged hMa^TT: ^ 

- and ^ as dKcr;w ~- - ^ 

25 " ,amraa,ta «* « was rcadi,, d ' efficte "* "»W fen, 

M»« seeded ^ ~ «- »*» of ce „ s 

C-lemnniis (e.g., at amino acids 256-259 of SEO irworT ^ ^o^knon ai lis extreme 

" 0) ^ « » ^ . najor site of catboh^te 
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Example 6: Isolation and Characterization nfhn^.i 

In this example, the isolation and characterization of the gene encoding human 
Dkk-2 (also referred to as "hDkk-2", "Cysteine Rich Secreted Protein-4" "CRSP-4" or 
"CRISPY-4") is described. 

5 

Isolation of a Human Dkk-7 rniMA 

Using the hDkk-3 sequence to query the dbEST database, a clone having 
smularity to a portion of hDkk-3 was identified having Accession No. W55979 This 
Cone was subsequent* obtained from the IMAGE consortium and sequenced to define 
10 a P artia.hDkk-2sequencesetforthasSEQIDNO:10. This cDNA comprises a coding 
re gl on from nucleotides 1-537, as we,, as 3' untranslated sequences (nucleotides 538 to 
702). The coding region a.one is set forth as SEQ ID NO: 12. The predicted amino acid 
sequence corresponds to amino acids 1 to ,79 of SEQ ID NO: 1 1. A cDNA encoding 
fu„ length hDkk-2 was isolated from a human fetal lung lambda Zip.ox libraries by 
,5 conventional plaque hybridization (Sambrook e, «/., , 989) and fu„y sequenced The 
fu,,-,eng,h nucleotide sequence is set forth as SEQ ID NO:20 and the predicted amino 
acd sequence is set forth as SEQ ID NO:21. The coding region alone is set forth as 
SEQ ID NO:22. The predicted amino acid sequence corresponds to amino acids 1 to 
259 of SEQ ID NO:21. DNA for the Cone fthul33 was deposited with the ATCC as 

20 Accession No. . hDkk-2 has a predicted signal peptide from about amino acid 

residue I to 33 of SEQ ID NO:21, cleavage of which results in a mature protein having 
226 ammo acid resudues in length and corresponding to amino acid residues 34 to 259 
ofSEQIDNO:21. 

25 Tissue Distribution of hDkk-7 

Northern Wo. analysis of various .issues ( e . g „ heart , ^ ske|eta , ^ 
colon. .hymns, spleen , kldney , , iver _ sma „ ^ ime _ an<) ^ • Hood 

leukocy.es, was performed as p reviously described ^ . pr „ be ^ for ^ 
Of ,he .issues ,es,ed, hDkk-2 mRNA expression was highes, in hear., taain. p, acenta 
lung, and skeletal muacle. hDkk-2 ^ „f a ppr„xi m a«el, 4.0 and 4.5 kb were ' 
observed. 
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Flag epitope-tagged human Dkk 9 r.™* • 

ceils and analyzed as d Li bed Z ^ * 293T 

5 speciesof,5-7 kDc t T ^ ^ ^ ^cted as a maj or 
P Sot 151 7 k D, closely slmi | arinsi2etof J 

forms of hDkk-2 were also nh<„ Additional minor 

a,SOObserVed,ncertain «peri m ent S intherang eo f20-21kD 
Deglycosylation of hDkk-2 was not studied since the „ m , ■ 

dibasic proteolytic cleavage site in the hn^ " ''S^ 118 the 

10 m a j0 rl5-l 7 kDf or mofh Dk ^ t ^^ > ™ it 

was the case for hDkJ " ^ C °~ * as 

In example, the isolation and characterization nf ,h 
15 and murine Soggy- Halsoref , ra cter.zat,on ofthe g ene encoding human 

° W 1 (also referred to as Tvctp; M a d- l o 
N") is described. " ^'"^ P, ° ,ei "- N " » "CR'SP- 

0fl,Dkt3 - »«™» pan,al sequel was identified in ,he dbEST 
^bas.forac^^,,,,^.^ n, he dbEST 

from ,h« IMAGE c„„ec„„„ and sequenced f„„v ,„ dr. "" """^ 

*quenc depiced in Fi gure 7 Two J hUmim S °^' 

-hedBESTdaiabaae ZZ ^ » Rifled in 

*u&gy i sequence is depzcted in Fieure K w,.™., 
murine Soggy cDNA«? Pnro^o 8 Human and 

"Sgy cuiNAs encode proteins of 242aa and 9*n M . . 

predicted signal oentide frnm »u . mSoggy- 1 has a 

gnal peptide from about amino acid residue 1 to 20 of SEQ ID NO:27, 
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5 However, cysteine residues are not conserved within these do * 

shared by Soggy and Dkk 3 .., , and ^ residues 

ggy and Dkk-3 are poorly conserved in other Dkk, ,nH,> ■ 

~» *— - ft. p rot e ins is un , ue I 8 ' 

wiftin . 5, amino Kid regiM jn J " "** *•»*» - — obv/„ us 

"Sogg,, a „ d ^-3 ^ 5 ' " S **- " S °^ 

nktg LIZ :r p ;° -'" acid 97 - ,o ° ° f se " - «°« - 

«J 1 r aS po nd ,„g , 0 an]lno acld re 
oto Dkb, * e c. ttraiiM , dom>in j N0 ' 14 >- " — « .0 

» ^ in «. p ublic dalabaSK no , does t 0 1 * " ^ P " Kin 

or as lack of CRDs compared to hDkk-3 wh.Vh i, ^ u 
designated Cysteine Rich Secreted Protein- 1 ("CftiiP »' ee n previously 

Tissue Djsftjbution ofSoggy-I 

Soggy-1 mRNA, which was **^Z7T" " ^ 
expressed at day 1 , and day , 5 aft "~ 

expression. ? " ' deVel °P me <*% regulated pattern of 

In situ analysis was performed as described ;„ p 

murine Soggy-1 the following ■ P ' ' " F * deteCtion of 

"Sgy i.tne following primers were used- 

30 w j, -^^^^ ro?Tcc ^ TO .,. (SEQID ; 0:3 Q 3 j DNa32 >--' 



* 
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Consistent with the Northern analysis, very high level expression of Soggy- 1 
mRNA was observed by in situ analysis in adult testis. Upon high magnification 
Soggy-1 mRNA was found to be expressed at high levels in the spermatogenic 
ep.the.ium of the seminiferous tubules and in the spermatogonia at various stages of 
5 development. A series of saggital sections of mouse embryos from El 3.5 - E 17 5 and 
post-natal day 1.5 pups were also analyzed. In E15.5 embryos, Soggy-1 mRNA 
transcripts were localized to the developing dorsal root ganglia (DRGs) and also found 
m the cartilage primordium of the nasal septum. Soggy-1 expression was also seen in 
theeyefromE13.5toE16.5,asobs e rvedformDkk-3. Expression of Soggy- , mRNA 
1 0 at various stages of development is consistent with the northern analysis described above 
and suggests that Soggy-1 may play a role in multiple stages of development. 

Secretion and Post-Tran^ tional Modificatio n of Soggy Pr^in. 

Flag epitope-tagged human Soggy-1 protein was transiently overexpressed in 
! 5 293T cells and analysed as previously described. hSoggy was efficiently secreted from 
transfected 293T cells and migrated with a molecular weight of approximately 40-50 
kD. G.ven the heterogenous nature of secreted human Soggy- 1 , the effect of N- 
Glycanase treatment on the mobility of secreted flag-tagged hSoggy-1 was studied 
hSoggy displayed a 5-10 kD decrease in apparent molecular weight after N-G.ycanase 
20 treatment, consistent with the presence of 2 potential sites of N-glycosy.ation in the 
protein. 



Exam Pl e 8: Structure of n„„ ^.^ & rf Dkk , Re|ated 

The amino acid and nucleotide homology between Dkk family members and 
25 Dkk-related proteins is set forth in the following tables. Where indicated, mDkk-1 and 
xDkk-lcorrespond to a murine and Xenopus proteins set forth in Clinks „ al supra 
and having Accession Nos: AF030433 and AF030434, respectively. Likewise cDkk-3 
has Accession No. D263 1 1 



• 
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T ^IeII se tsf ort]loveraI1 



gap length penaJ(yofI2 



, and; 




Lipman DN A alien™ * 35 deter ""ned usi nc rh, • 

a ' Ignmem P^'am, KtupJe- 3- Ga„ P , * 

■3. Gap PenaJty: 3 . Wind 
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Ta ^'v setsf0rth 136 ' 




""^""Oyadoefc., e Proteolytic cleavage site ^"'^ 

*™m of fee „„, dom «"> si™„ ure of „ , """ ,m »«*< is 

*— «») w , Wn * cvatel^c, do^T" 2 

A * "e mo „ SIrated ™* and ^ tf "*"» X Ihe so 8gy 

*-»» . , "' eM ' -««<«« ««d 9 ' y ' a,,0 »«e Seated. 

1N fenninaJ sign*/ ^ A . , ' Human Dklrc ? t u 
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(50-5 5m > . spared to ^.3 (12aa) poKnM -4 

5 not conserved in other Dkk famiy members, ho*, possesses otte ^J, ^ 
glycosylation site located close tc> th* r . , J*««niaiiN 

murine Dkk , Kn, no, V " ,heP "" ein WhiCh is — «< » 

murtn DkW fc,, not ,n Xe„„ pus Dltt ., (Fig . 6) „ 

e era, po— dihasie pto,eo, y ,ic ^ siles> ^ pTOjn ™ 

p^. ^ismemo^i^Lort, : _ 
i u Ukks and possesses an extended N t~™;_i . 311 

an extended P , ■ , """^ Which precedes and 

extended C-termmaJ unique region which is highly acidic. 

Example 9: Effects of hDkks anrf x* r . 

15 of the ™ ! EXamP ' e deSCribeS * fUMU>na ' aC,iV " ieS ° f - So S6 y pmteins 

of the present invention. SBy proteins 



25 



30 



cuiNAsweresubcloned into pCS2 vector (Rupp*,*/ M 984. 
Genes & Development 8131 Mim . MP««. (IHW) 

described rKrie , ^ ^ ^ m ^ As Were Resized v//ro as 

descr.bed(KriegandMe,ton(,984)^c/e/c^^, ,2:7057-7070, using the 

Synthesis: hDkk-l- P CS2, hDkk-2- P CS2 hDkk-3 oCS2 hn .v . , 
pCS2,Xwnt8 (Christian,,./ 099,)/)'/ ' hSo ^" 

„ j ,(1991)£,eve/o / w "^r 111.1045-1055) Xwnt2B 

(LandesmanandSokol(1997)^cA.£) C v 6MI99 20WY * ™ 
Z>ev. ,55-46-5) Xfz8 nXT7 n „ ' 61 - 1I9S>_209) ' Xwnt3 »0Vold../ fl /. (,993) 

55.46 5), Xf 2 8-pXT7 (Itoh et al (1998) Meek Devel. 74 145-157) vh* 
pXT7(SokoU,*/. (1995) Meek Devel 74 , 45 1 57 , Pro , • ^ 

«. /4. 145-157). Protein expression from all 
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pCS2-Dkk consuls was conitaed by * w<™ p^pdon md „„ s|atlon 
Prnmega). For secondary axis induction, a single venrra, btaomere of 4- or g-cell' 
embryos was injected wirh ,0„, of, solution conning 2-4pg of Xwmg mRNA 2 5 . 
^""""^".RNAorlOpgofXwnQBmRNAasdescribeddrohern, <„«, ' 

hDkk mRNAs. For studies of Fri^ed and Dhahevelled, 5n g Fag and ,„g Xdsh mLs 
were tnjected as indicted. After injecrions, embryos were euhured ft, 3% FicoII 400 
(Pnannacia), 0.5xMMR. Secondly axes were scomd a, s»ge 35 as compiere, when they 
— anterior neumeoroderma, derivatives incioding pronoonced cement gland end 
eyes, and as parria,, when the secondary neural , ube wirh ovocytes, bu, withou, he ad 
structures, was apparent. 



.nhtbttion gOjgdndtffl ^^^ 

hDkk., o, hDkk-2 mRNAs were coinjecred whh Xwn.8 mRNA imo single 
venfta, blastomeres of 4- or g-c ell embryos. Injecred embryns wete cufttned for 2 days 
and seconder axes we„ scored based on extermd morphology. Xwnrg , nj ec,ed 
embryos dispiayed complete axis duplication, which was inhibited by ccinjecion with 
mRNAsencodinghDki,, andhDkk-4. To de,e m i„e wherher hDkks inhered wi,h 
apeornc Wn, , igMds , Mveral difreren , ^ ^ ^ ^ ^ ^ 

or hDkk-4 for seconds^ axis ftnmadon. hDldc-, and hDkk-4 inhibued axis dnpiicadon 
m response ft, Xw„,3a and XwnSb i„ ^ l0 Xwas ^ ^ 

^o^sd^gerinhibidonofWnr^ingmanhDkk-4. Thus, hDkk-, and 
HDkk -4 do no, show any dear selectivity for the w „, | igands ^ ;„ ^ Thjs 

25 "TT '° FRP! ' ^ ^ * m * • ** * 

mh,b«W„ B( Uy M „ 1 „. (1W) „^ ;Wang ao/ (i99?)j ^ Sa| . c ^ o 

snprn; Mayremi ( 1 997) supra; Finch aaL (1997) snpro). 

To invesdgare the mechanism by which hDkk-I and hDkk-4 inhibit Wnt 
signaling. Dkk mRNAs were coinjeeted wirh Xdsh, a dovmstrean, componCTl of „ e w „, 
S .i-l.ngpa„way ( „„he,n,„99 8 )anp™, hDkks-, and -4 did notbloek seeonda^ 
30 „ Nation by Xdsh, Meeting tha, Dkks function upstream of, orpamlle, wftft 
Xdsh stgt^ling. Similar flndings have been reported previously for xDkk- 1 (Glinka e, 
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al (1998) supra). It was also determined whether hDkks could antagonize signaling by 
Xenopus FrizzIed-8 (Xfz8), which can also induce a secondary axis through Wnt 
signaling (Itoh et al. (1998) supra). Neither hDkk-1 or hDkk-4 inhibited the axis- 
.nducing activity of Xfz8 mRNA. This data, taken together with the fact that hDkk- , 
and hDkk-4 are secreted, indicate that Dkks antagonize Wnt signaling at a point 
upstream of Wnt receptors. 



10 



15 



Assay for Inhibition of Seconder, ^xj sjnd uctjon by hDkk-2. hDklc. and hgogg^ in 
Xenopus Embryos 

hDkk-2, hDkk-3 or Soggy mRNAs were coinjected with XwntS mRNA into 
smgle ventral blastomeres of 4- or 8-cell embryos and secondary axes were scored after 
two days as described for hDkk-1 and hDkk-4. Injection of mRNAs encoding hDkk-2 
hDkk-3 or hSoggy-1 had no effect on XwntS-induced axis duplication. The ability of 
hDkk-2, hDkk-3 and hSoggy-1 to interact with specific Wnt ligands was also determined 
as described previously. hDkk-2, hDkk-3 and hSoggy-, were inactive against each of 
the three Wnts tested. The lack of activity of hDkk-2, hDkk-3 and hSoggy-, suggests 
that these proteins antagonize other members of the Wnt superfamily not tested here, or 
that they perform functions distinct from Wnt inhibition. 



20 - E * am P' e *0: Preparation of A ntibodies S pecific for hHU, .c^ . r*^^ 
This example describes the making of polyclonal antibodies specific for hDkk- 
1, hDkk-4, hDkk-1, hDkk-2, and hSoggy-1. 

Peptides were synthesized using Fmoc solid phase methodology utilizing MAP 
resm technology which increases the antigenic response (Tarn (1988) Proc Natl. 

25 Acad.Sci.USA 85:5409-5413. For each protein, the peptides used for immunization 
are listed below: 

hDkk-3 

peptide #44 FREVEELMEDTQHKL 
peptide #46 GSFMEEVRQELEDLE 
30 hDkk-4 

peptide #91 HAEGTTGHPVQENQP 
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peptide#93 GNKYQTIDNYQPYPC 
hDkk-2 

peptide #56 GHYSNHDLGWQNLGR 

hs °ggy-i 

peptide #58 LQAIRDGLRKGTHKD 



Peptides were designed to meet at least th P fniu • 
10 hydrophihc (e.g., solvent exposed). ( ) 

F«4 T* , mmun » ee „ lrKludes KLH-peplide e mulsi fi ed by mixing ^ equa , 

total of 0. lmg pepnde per immunization. Animals were h\~* f u ■ 
i c T. , s were bled from the art cular anerv 

For puifi<:atio „, pep Me Migens were on 

All antibodies performed well in t:t iq a 
#58aren ar f , , \ ""^ Anti -P e P^ #44, #46, and 

#58 are paruculariy useful for detection of hDkk-3 and h«J«„ , 
25 dewmin^i u "Soggy- 1 , respectively, as 

*7" * bl ° Ri "s <*"•— a. hDkk-3. „, hSoggy ., 

transfected 293T cells. "soggy 1 
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proteins are secreted proteins. Secondly Dkks 1 4 

rich domains Each do™- • P ° SSeSS tW ° distinct 

domain, referred to as CRD ? h • C-termmal cysteine rich 

-Ko„ ni „,„^,™ smayrenM /^2:::r; ,wiw " cRD - 2(Ara ^ 

<o -gulare W„, f mcli<>n since Wm , . ° rDkkS '° m,eract ™* «PW S in order 
surface. "' """^ «** — *-d with ft. cel. 

Despite the similarities between DkU i ^ , . 

»™„ -issues hDkk-l and nDk L 2" e ~ " a " emS ' adU " 

patterns whHe hDkk-2 and hDkk , ^ h,8h ' y mRNA 

was found ,„ h ^ " ~ Murine DkW mRNA 

7a and 7b are expressed in brain and lung where as Wnt 17 ^ ^ 

20 (General., ,990). Wnts5bandl3 a 7 * " * tCStis 

/ wnis do and 1 3 are more broadly exoresseH rr, • 
Kztoh etal (1996) sunm) am. , "pressed (Gavin et al. (1990) 

* in no™, , issue homeostas . ^ *■ ^ P<ay importa* rolcs 

M-lceddiflereneesinftepos,.^^, 

proteins was also observe< , . , . P KeSS ™ 8 of d,Bi ™« human Dkjc 

oservea. nDlck.3 , s secreled ^ 29 

glycosylated protein, whereas Dick- 1 2 and 4 »«ero 8 e„eo„sly 
6 Won. ™ s is c01Kjs Jt " "* 4 Prae '" S *"* " »f 

hDkk., does not appear „ „ e ^ mj ^ 
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well not be a significant site for N-Iinked . a k u , 

,„ 293TOCS was cnwri J™.' <— W. of 

fron, the W Imgtl , pro , ejn 133 ' ^ .he hDkk-4 CRD-2 h released 

««4 , COS ceUs ta bee „~°" " 2 '" * of 
10 Within the Dkk family, Dkks 1 2 a „ „ 

conn«in8CRD., MdCRD2 .. . . P ' Utk - 3 coma ">s a linker regj on 
™ ax, andad * " *»* *- — Okk-3 also 

, WgWy e w „ J; » a g , wproIein . 

mRNA . aISO dettcted 4 e h ::; b ~7 *- « M *«, 

dave^M, regulaMd paBem ,o Dkk-3. This 

aa 88 a sling s JIT"" OV " ,aPS Wi,h *" " fD ^ 

25 Equivalents 

Those skilled in the art will recognize or h k, 
-tine experimentation, many equivalent toft r * "° « 

therein. Such equiva J* J ~ ^^^iments of ^invention 
bairns. mtended to be encompassed by the following 



* 
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What is claimed: 



1 • An isolated nucleic acid molecule selected from the group consisting of: 
a) a nucleic acid molecule comprising a nucleotide sequence which 
is at least 60% homologous to a nucleotide sequence of SEQ ID NO: 1 , SEQ ID 
NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:9, SEQ ID 
NO:13, SEQ ID NO:15, SEQ IDNO:20, SEQ ID NO:22, the DNA insert of the 
plasmid deposited with ATCC as Accession Number 98452, the DNA insert of 
the plasmid deposited with ATCC as Accession Number 98633, or the nucleotide 
sequence of the DNA insert of the plasmid deposited with ATCC as Accession 

Number , or a complement thereof; 

b) a nucleic acid molecule comprising a fragment of at least 1000 
nucleotides of a nucleic acid comprising the nucleotide sequence of SEQ ID 
NO:l, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID 
NO:9, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:20, SEQ ID NO:22, the 
DNA insert of the plasmid deposited with ATCC as Accession Number 98452, 
the DNA insert of the plasmid deposited with ATCC as Accession Number 
98633, or the nucleotide sequence of the DNA insert of the plasmid deposited 

with ATCC as Accession Number , or a complement thereof; 

c) a nucleic acid molecule which encodes a polypeptide comprising 
an amino acid sequence at least about 60% homologous to the amino acid 
sequence of SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:8, SEQ ID NO: 14, or 
SEQ ID NO:21, the amino acid sequence encoded by the DNA insert of the 
plasmid deposited with ATCC as Accession Number 98452, the amino acid 
sequence encoded by the DNA insert of the plasmid deposited with ATCC as 
Accession Number 98633, or the amino acid sequence encoded by the DNA 

insert of the plasmid deposited with the ATCC as Accession Number ; 

d) a nucleic acid molecule which encodes a fragment of a 
polypeptide comprising the amino acid sequence of SEQ ID NO:2, SEQ ID 
NO:5, SEQ ID NO:8, SEQ ID NO:14, SEQ ID NO:21, the polypeptide encoded 
by the DNA insert of the plasmid deposited with ATCC as Accession Number 
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Tree rr^'t ^ " ° NA " - *— "» 

ATCC « Accesston Nuntber 98633 , „ fc 
— of .he p,asntid deposjted ^ ATCC M AcMssim Numto 
wh-n the fra^e* comprises « least , 5 Mntiguous ^ ^.—J 
an»no ac.d science of SEQ ID NO:2, SEQ ,D NO:5. SEQ ,D NO-. SEO ID 

Number ,L „ ,H T ATCC " A <«-°" 

or lhe po^ww. needed by the DNA in** „f rae plasmjd 

depose with the ATCC as Access™ Numb „ . and 

e, "-Wcaeidmotaie^c^, 

NO: 2 ,SEQ IDN o,,s EQIDN 0:, S E Q , DNO:I4 ,s EQ1DNO:2 , J 
polypqH.de eocoded by ,be DNA insert of ,he p lasm id deposed with ATCC as 

M deposed w„h ATCC as Accession Number 9 86 33, or the nndeodd. 
~ T ^ " " ^ " * «CC as Accession 

!l nUC " iC m ° IeCU,e » « acid 

n,o,ecu 1 econ,pnaingS E Q,DNO:,,SEQ,DNO:3,SEQIDNO-4 SEO ID 
NO,, SEQ ID NO:7, SEQ ID NO,, SEQ ID NO:,3. SEQ ID NO , SEQ ,D 
NOt20, SEQ ID NO:22,the DNA insert of the plasmid deposited with'jVTCC « 
Accession Number 98452 rtv» nw a • ^ 

V8452, the DNA uisert of the plasmid deposited with ATCC 
as Accession Number 98633 nr th,nwA- 

r*8633,or the DNA .nsert of the plasmid deposited with 
Accession Number under stringent condition, 
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L^T Md " uc,eic Kid mo,ecu,e of cwm ■ <*» - - *. 

SHQ U> N0:9 , SEQ ,0 NO : ,3, SEQ , D N0 " 5 SB ^ ^ 

- 52 ,, eDNAinsmofthepla5mjd 2Ii T ^;; N " mber 

Number qrat-j . w,mAlt -L as Accession 
"umber 98633, or (he nucleotide sequence of the DM a • 
deposited with ATCCa, a • nce of the DNA insert of the plasmid 
p uwiui a ICC as Accession Number 
1 0 and UmDer • or a complement thereof; 

b) a nucleic acid molecule whirh * n ^A 

^ sequence 0 f SE q ID NO t E : ; :;r^ ep,ide comprisine 

ID NO:l4, SEQ ID NO-2, the , ' SEQ ' D NO: »- SE " 

encoded by the DNA in^rt ofth ccess,on Number 98452, the polypeptide 

3 ic jl/ina insert of the plasmid deposited with ATrr a 
Number 98633 nr.iv . . posited Wltn A TCC as Accession 

n me a l CC as Accession Number ;. 

3- The nucleic acid molecule of claim 1 further / 
20 acid sequences. ' com P r,sln g vector nucleic 

4 - The nucleic acid molecule of claim 1 fiirth~ , 
^uenceocod^abeteto^po^oo 

* We host ee„ of eUfe, 5 which „ . ^ ^ 

30 ofej,. ' - t «-«~ 8 „ 1 e„ U c,e i e aci d m o I eeu,e 
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NO.21, the polypeptide encoded by the DNA in.^ f u 

withATCr, a y eDNAmsertofth epla S mid deposited 

wm » ATCC as Accession Number 98452 th*™i 

insert nfA . • «er y»452, the polypeptide encoded by the DNA 

•nsert of the plasmid deposited with ATCC « a 

-** ~ o f i dna ™ ^ 98M3 ' ° r *■ 

Acce ssto „ Number 1" n deP0SiKdWi,hATCC - 

1 0 * C fra 8 me nt comprises at least 1 5 

10 contiguous amino acids of SEQ ID NO 2 SEOID J < « 

N0.14, SEQ ID NO-21 the ool T' ' ^ ID SEQ 10 

Plasmid H • !i P°lypcptide encoded by the DNA insert of the 

Plasmid deposited with ATCC as Accession Number 98452 the n I „ 
encoded by the DNA insert nfth , moer V8452 . the polypeptide 

NA lnsert of tf, e Plasmid deposited with ATcr « a 
Number 98fin nr *u , ATCC as Accession 

IDN0.14.SEQIDNO-21 the , ^ NO:5, SEQ ID NO:8, SEQ 

V 1L» NO.21, the polypeptide encoded by the DNA insert 
plasmid deposited with ATPP « a " ° f the 

CC 33 Accession Number 0Xd<:-> ,k 
20 encoded by the DNA insert nfth , ' P °' y P e P tide 

Number 98633 or th ' With ATCC 35 

umber 98633, or the nucleotide sequence of the DNA insert of the plasmid 

deposited with ATCC as Accession Number wherdn . ^ 

encoded by a nucleic acid molecule which hvb^' ^ " 

comprising SEQ ID NO, SEQ ID NO 1 3 "* k *" m ° ,eCU,C 

NO:7, S EQIDNO-9SEQIDNOnT ' ^ ID ^ S ^ ID ^0:6, SEQ ID 

NO-22 the DNA ' Q * N °' 15 ' SEQ ID SEQ ID 

NO.22, the DNA insert of the plasmid deposited with ATCC at a 

Accession Number 98633 or the HMa ■ 35 

ATCC . Accession N J Z °2 ° f **— * - 

30 """wanngentcondiUons; 
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P ea with ATCC as Acces S ,on Number • and 

° insen rf to plasnljd ^S.rccS^ e ° COdCd " y ^ 

*l i . y "wiuiAicCas Accession Number 98452 

the polypeptide encoded by the DNA .Wr, r.i. . moery»452, 

* y NA msert of the P'asmid deposited with ATCC 

as Accession Number 9863^ orti,» i . ""wwiuiaicc 

the plasmid H ■ ! " by the DN * insert of 
Plasmid deposited with ATCC as Accession Number . 

9 * The isolated polypeptide of claim » ^ 

polypeptide encoded by the DNA in sen „r,K , . NO.2 , the 

Accession Number 98452 the 1 plasmid deposited with ATCC as 

deposited with ATCC A " " ^ **« ^ 

DNA J Tof Z H , mbCr ' 8633 ' " *■ ^ W «- <* 

insert of the plasmid deposited with ATrr *e a 

,m as Accession Number 

A„ aotibod, which seleclively b ,, ds „, , po|ypepUde ^ ^ ^ 



10 



15 



20 



25 



WO 00/52047 

PCT/US00/05452 



- 148 

12. 



30 



Hypep./de encoded ** D £^^* Sa > n > 

Accession Number 0 8452 „„„„. PlMm,d de Po*ted wim ATCC 

"coded b y me DNA ^ of ^ « 9, 6M , . lhe 

b ) a fragment of a poj vnent,vu 

°f seq , D N0:2 . seq n, NO , 5 s^t ;r P " Sine ' he acid 

»°*>^™^ITC BQa>NO: "- SBQ ' D 

«* ATCC as Accessjon Numte D ^ piasmid deposit 

«— 0Hhe piasmid deposiled * "» '"coded b y fc DN A 

""decide ae,^ of fc DNA « - - Number 9 86 3 3 , or „ e 

Accession Number . t "* P '* s "" d ^Posited wia, A TCC as 

NO. M, SEQ ID NO 21 U« , Q °' 5 ' SE " 10 N °* SEQ ID 

— deposued ZZc™' * * ° NA ^ 

-coded b, me DN A insert ^ ^ ««* «- POiypepude 

dcpos-Kd with ATC C as Access, Number * * PlaSmid 

c) a t i '* 

IDNO. l 4,SEQ IDN0 . 2 , , 0 ' 2 ' SEQ,DNO -5.SEO, D NO: 8 , SEQ 

depose „„ A ^cc :? PePMe ^ * - ° NA — 
"coded b y „ e DN A mser, of fc J""* me po, WWe 

98 «3, or me ouCeo^ ^ "* ATCC - - 

encoded by . nudeic ^ decern „, pofcp^ ta 

comprising SEQ ,D NO , SEO .„ J" M "" d,ZeS W a ""leic acid m„ lecule 
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NO:7, SEQ ID NO:9, SEQ ID NO: 13, SEQ ID NO:15, SEQ ID NO:20, SEQ ID 
NO:22, the nucleotide sequence of the DNA insert of the plasmid deposited with 
ATCC as Accession Number 98452, the nucleotide sequence of the DNA insert 
of the plasmid deposited with ATCC as Accession Number 98633, or the 
5 nucleotide sequence of the DNA insert of the plasmid deposited with ATCC as 
Accession Number under stringent conditions; 

comprising culturing the host cell of claim 5 under conditions in which the 
nucleic acid molecule is expressed. 

10 

13. A method for detecting the presence of a polypeptide of claim 8 in a 
sample comprising: 

a) contacting the sample with a compound which selectively binds to the 
polypeptide; and 

15 • b) determining whether the compound binds to the polypeptide in the 

sample to thereby detect the presence of a polypeptide of claim 8 in the 
sample. 

14. The method of claim 13, wherein the compound which binds to the 
20 polypeptide is an antibody. 

15. A kit comprising a compound which selectively binds to a polypeptide of 
claim 8 and instructions for use. 

25 16. A method for detecting the presence of a nucleic acid molecule in claim 1 

in a sample comprising: 

a) contacting the sample with a nucleic acid probe or primer which 
selectively hybridizes to the nucleic acid molecule; and 

b) determining whether the nucleic acid probe or primer binds to a nucleic 
acid molecule in the sample to thereby detect the presence of a nucleic 
acid molecule of claim 1 in the sample. 
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1 7. The method of claim 1 6, wherein the sample comprises mRNA 
molecules and is contacted with a nucleic acid probe. 



1 8. A kit comprising a compound which selectively hybridizes to a nucleic 
5 acid molecule of claim 1 and instructions for use. 



15 



1 9. A method for identifying a compound which binds to a polypeptide of 
claim 8 comprising: 

a) contacting the polypeptide, or a cell expressing the polypeptide with a 
•0 test compound; and 

b) determining whether the polypeptide binds to the test compound. 

20. The method of claim 19, wherein the binding of the test compound to the 
polypeptide is detected by a method selected from the group consisting of: 

a) detection of binding by direct detection of test compound/polypeptide 
binding; 

b) detection of binding using a competition binding assay; and 

c) detection of binding using an assay for Dkk activity. 

20 21. A method of modulating the activity of a polypeptide of claim 8 

comprising contacting the polypeptide or a cell expressing the polypeptide with a 
compound which binds to the polypeptide in a sufficient concentration to modulate the 
activity of the polypeptide. 

25 22. A method for identifying a compound which modulates the activity of a 

polypeptide of claim 8 comprising: 

a) contacting a polypeptide of claim 8 with a test compound; and 

b) determining the effect of the test compound on the activity of the 
polypeptide to thereby identify a compound which modulates the activity 

30 of the polypeptide. 



+ 



WO 00/52047 

PCT/USOO/05452 

Figure I A VU 



10 
67 

30 
127 



-co^ cmcracocm ^ ^ £ ^ ^ ^ ^ ^ ^ ^ 

7777~-~~iii«i£^ J i e! -. :>45> » 

77777-^^^4^^^. - 
T 7 7 7 : c " T - ~ ~ - ~ ~ ~ « - - i i ^ c» T j ■• 
7 7 7 ~ A " " c ~ A " ~ c - c « ~ ~ - * ~ - - - a 4. 

7 7 7 " " " " ~ ~ « « « « - 4 4 4 ATC ATC 4 

« « „.£ 4 4 4 4 4 ^ ^ oJc ao% ^ ^ Jc Jc ^ 

C R <-\ o *. 



130 
-127 

150 

E D ~ "If ATC GAC 497 

G P S M Y C 0 F A q e 

170 

R G '~ »W CAG CCA =.4 7 

7 777^ — ~ i 4 J, i 4 £ i J. <> ^ ^ jj. 

« tcc „ cac 4 4 4 atc 4 4 i i J c £ £ , a , 4 ^ 

mr ra^ A F 



~ « GAC TGC CftO CCC GGG CTC TCC 4 4 4 4 4 4 4 4 4 4 4 
~ « CCC 4 CCC 4 4 i i ^ £ £ ^ ^ ^ i ^ ^ ^ „, 

- ATC ACC 4 4 4 4 4 4 CCA CCC 4 £ 4 £ ^ £ £ ^ £ 

- CTC 4 4 CCC 4 Jc CAC ,1c 4= 4 4 4 £ 4 £ ^ £ ^ £ 
~ CCT CAC CAA 4 COS GAG ATC CTC CTC CCC AGA GAG CTC 4 GAT 4 Jt gIa CTC 



72: 



270 
347 

250 



3 13 
?6? 



-GC ACC „ ATC CA, CAC CTC CCC CAC ^ C^G ci Jc CTC CAG AC. Jc CTC ACT cL ,JJ! 

«. *TC CCC CTC CSC C^ CCT Gcc CCT Jc CCC GCT CCA CTC CTC CCA 4 CAA £ ATT 

TAG 

351 
1090 



# 



WO 00/52047 

PCT/US00/05452 



2/15 

figure IB 

ATCTGGACCAGGCTGTGGGTAGATGTGCAATAGAAA' 



WTCrOOTCCTTI!(SOAOM!Tarasc*oo<!TT»», 



-VCAGCAGTGTTCTCACAGTCTGGGGCA, 



880 



AAAGTAAACTACTCTTAGGAACAGCACTVTT - '^'^""""CACATCCOrTA 



OCA^ATTOTArAAOCT^rn™^ ^ACCAIXJTATTCATCCAGAGTTCTTAAAGTTTAAAGTT „* 

^^^GACTTTTAAArrATGTATAAACATAAGTTGCATTTAGAAATCAACCATAA „„ 
'--^^AAAAAAAAAAAAAAAAAAAAAAAAA^ 
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CTCACGCA^CTCO^CCCTCC^GCCCCC^TTGA^ ATG Gt'g CCC CCC CTC CTC CTC CGG 

7 7 7 7 7 f 4 ™ ~ GCT ™ gtVc " g g ° c 4 ^ ^ « agg ~ - 

TCT G £t GAC CXC CAT CGG CCC cL AAG TCA CAC 4 CTG TCT CAC ACG Ca'c 4 AAT J 

7 7 7 7 " c " g cgc 4 GA ° T GAG Jc cgg " c tg ° t gcAt ™ tgCt cgt ggg »" 

4 CGG AGG AGG TCC CAC CCA GAT CCC ATG TCC 4 CCT £ ACA CTC TCT CTC AAC C^T 

=TT TOT »CT AI = c T 0 » « cc c „ „. „„ ^ ^ £ £ £ £ £ £ ,„ 

£ i »"t 4 =L 4 i i ^ i ,4 0 ; c ^ i ^ ^ cJc £ ^ ^ jj, 

PSlKKs QGRKrnir^ 

CCA ACT ATT AAG AAA TCA CAA GGC A(V nr ~» Jt E S C L R T H9 

TCA CAA GGC AGG AAG GGA CAA GAG GGA GAA ACT TGT CTG ACA ACT 55 9 

TTT CAC TGT GGC CCT GGA CTT TCC TCT GCT C G R T CAT TTT TGG ACG AAA ATT Tg't AAC CCA £ 

CTC CTT TTC GAG GGA CAC CTC Tc'c TCC ACA ACA GGG CAT AAA GAC ACT GCT GCT CCA III 

cIa ATC TT F C CAC CCT TG C C GAC TGT GGC C^T CGA CTA CTC TGT CGA AGC CAA TTC ACC AGC 5" 
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AAT CGG CAG CAT GCT CGA TTA AGA CTA TGC CAA AAA ATA GAA AAG CTA TAA 



ATATTTCAAAATAAAGAAGAATCCACATTGCAAAAAAAAAAAAAAAAAA 
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GTCGACCCACGCGTCCGCGGACGCGTGGGCGGCACGGTTTCGTGGGGAcr 

TTTCTTTCTCCCTCTT^AGTCCTTCTGAG A „? c £ £ J A . ^ ^ " 

F V A M u GGC GCA GCG GGA rAr * ? * V I 

- - GCG ATG GTA GCG GCG GCT CTC £ « « P L L "* « «J 

L N S V L H CAC CGT CTG CTG GGA GTG Ai~ A T 

TTG AAC TCG GTT CTc " , S » A I K „ A GG C ACC 

A* 7 TCC AAC GCT ATC «L " L P P P . 
A C H p G . C CTG CCC CCA CCG rir G G A 

CCG GGG CAC CCA GGC TCT GCA <Z « A * P G x * CCG CTG GGC GGC GCT 
k G GTC AGC GCC GCG CCG GGA ATC CTG TAC CCG GG ' « 

-^-^iiidiiic a e c ; : cgggaat 

T 0 E V C a TGC GCA GAG GAC gaV C G 

ACT GAT GAG TAC TGC GCT ACT CCC ACC CGC GCA G^ ° « « V ^ 

C . . 7 ^ CK ^ « » CAC GCT ATG TGC t& c |g « " • 

TGC AAA AAT GGA ATA TGT GTG TCT TCT GAT » « ' . 7 ^ 

~« ^ A A= S C TTT GCT J, g T T 7 7 f 7 " " ^ A 

T L » S K „ AAT GAT CAT AGC ACC TTG GAT GGG TAT TCC AGA * * 

ACC TTG TCT TCA a£a »~ Y H T K r „ AGA AGA A CC 

AAA ATG TAT CAC ACC AAA GCA r? E G S V r , 
S D C A s r AAA GGA CAA GAA GGT TCT GTT TGT rt * S 

TCA GAC TGT GCC TCA «S. L C C A » „ CTC CGG TCA 

CC TCA ^A TTG TGT TGT GCT J?, M F » S k t 
V L K b „ AGA CAC TTC TGG TCC AAG C K P 

CTC CTG AAA GAA GGT CAA GTG TGT T « « « R K ^ ^ 

CAA GTG TGT ACC AAG CAT AG R G AG R A AAA GG G C TC S T ca"t G G L ' 
ATA TTC CAG CGT TGT TAC TGT GGA GAA GGT CTG TCT ' « X O K G ^A GAA 

A A ^ A T^T TC. AGG CTT CAC ACT T ° 7 7 7 ^ ^ ^ ^ " 

ACCAGCTATCCAAATGCAGTGAACTCCTTTTATATAATAG ^ ^ ™ ^ 

C-GGATATACAAGTTCTGTGGT^ 

"^^-CTGTg™^ io67 
--CT.TTAATTATTTTTCTAAAGGTGC^^^ 

-TATCTTCACTGAC^^ ^ 
-CCCATTTAATTCTAGAGTCTAGAACGC^^^ 
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ATC AAC rcc « J- 0 G E T ,. GCC AAA CTC AAC TCC 
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« « 4, GAT AAG gL / * * • A y T ^ ^ '*= <^ 
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CAT TTC TGG 4c AAA AT « « • TT T " " A " A " ^ A 

. . k T T ~ « ~ A A i GTG TOT ACC aL ° 
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CTC GCG GCC GCG GTC CCC A^r JL ? A P S p T „ 

CC CCT GCT CCTTCCCM^ T W T p » 

G f r P ° - * t N y „ ACG GTC ACT TGG ACT COG GCG 

CAG CCG GGC CCA GCT CTC AAC TAC CCT CAG GAG GAA GCT ACG CT 

E V E B *A GCT ACG CTC AAT GAG ATG TTT CCA 

-«.--. iiiiiiiiij: . A , , 77 
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GAC CAG CAG ATG CTA TGC ACC CGA GAC AGT GAG TGC TGT GGA GA ° ' ' A . 
° « C T Q K . T TGT GGA GAC CAG CTG TGT GCC TGG 

CCT CAC TGC ACC CAA AAG GCC J, " ° G " O T T 

AAG GCC ACC AAA GOT GGC AAT GGC ACC ATC T^T ,° " 0 « 
r ° C Q p G CAC AAC CAG AGG 

CAT TGC CAG CCT Gr-n r~r-^ A F Q R r- . 

CCT GGC CTG TGT TGT GCC TTC CAA AGA GGC CTG CTXJ TTt* " V ^ T 

JL L P V B G E . „ CTG CTG TTC CCC GTG TGC ACA 

cccctccccgtcgaccgagagc^ctIcca-tga^^caJcaIcca 0 ' ' ■ l , 

* « E L « p CCC ACC AGC CAG CTG CTG GAT CTC ATC 

ACC TGG GAA CTG GAG CCT GAA GGA GCT TTG GAC CGA TGC CCC TGC GCC ^ ' ' ' 

C 0 P H S H <5 , CCC TGC GCC AGT GGC CTC CTA 

^C CAG CCA CAC ACC CAC AGT CK GTO TAC ATG TOC AAG CCA GCC TTC ' ' ' " 

i i - <~ cL ± cSg ciG CCC ' * • . TTT"*" " T " 

F r , CAG CTG CCC AGG GAG GCC CCG GAT GAG TAC GAA r» " ° 312 

TTr it» OELr AT GTT GGC 10,15 
TTC ATA CGG GAA GTG CGC CAG JL E D L « R S , 

C CAG GAG CTG GAA GAC CTG GAG CGG AGC CTA GCC CAC GAG a" "* 

^ CAG GAG ATG 1105 
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Figure 8 



GAATTCGGCACGAGGCAGAAGGCGCGAATGAAGGCAAAGCCTCCCACCCACCTGCA ATG TGT CCA CTG AGG 
GTC TTG CTG CTG CTG CTC CCC TTG GCC TTC GTG TCC TCC TCT GcV CTC CCC ATC CAT sir 
GTC GAC TCT CAG CAG AAC ACC TCC GGG TTC CTG GGC CTT CAG AGG CTT CTC CAA AGC TTT 
AGT CGA CTG TTC CTA AAA AAT GAC CTG CTA CGA GAC CTG dc AAC TTC TTC TCC TCC CCC 
-- 0 - ' " ° L P R N * " « « E « 0 C H „ „ 



ATG GAC TTC CGA GAC CTT CCT AGG AAC TTC CAT CAG CAA GAG AAC CAG GAG CAC AGA ATG 
GG G C AAC CAT ACC CTC TCC AGC CAC CTA C^G ATA GAC AaV GTG ACT GAC AAC C^G ACA CCG 
GAG GTG CAC ATC TCG GAG AAA GTC GAG GCC TCC ATT GAG CCA GAA CGG AAC CCG GAA GGG 

GAC TGG AAG GTT CCC AAA GTA GAA GCA AAA GAG CCC CCG GTG CCT GTG CAG AAG GTC ACC 

0SLHP EPR QVAFWTM«- Mo .. 
GAC AGC TTG CAC GCA GAG CCC CGG CAG GTG GCT TTC TGG ATC ATG AAG A^G CCA AGG CGG 

AGG ACC CAG CCC GAT GTC CAG GAT GGA GGC CCC TGG CTC ATA GAA AAG CGA CAT CGC ATG 

QAlRDGL RGGAREn<: r r^^. 
CAG GCC ATC CGG GAT GGG CTC CGT GGA GGC GCC CGT GAG GAC AGC CTG GAG GAT GGG GTC 

HrPQHAK LPVRKTHri vr-. 
CAT ATC CCC CAA CAC GCC AAG CTG CCT GTC AGA AAG ACA CAC TTT CTC TAC ATC CTC AK 

P S Q Q L 

CCA TCC CAA CAG CTG TAA GTGGGGACCAGATGTCCCACACCCTACCCCAACACCATATGGAAATAAAGG7TTTC 
TTACATCTAAAAAAAAAAAAAAAAAAAAAA 
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Figure 10 
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SEQUENCE LISTING 
<110> MILLENNIUM PHARMACEUTICALS, INC. 

<120> HUMAN DICKKOPF- RELATED PROTEIN AND NUCLEIC ACID 
MOLECULES AND USES THEREFOR 

<130> MNI-108CP2PC 

<140> 09/263,022 
<141> 1999-03-05 

<160> 38 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 2479 
<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (38) . . (1087) 

<220> 

<223> 'n' at position 1146 may be any nucleotide 
<400> 1 

ggcacgaggg ggcggcggct gcgggcgcag agcggag atg cag egg ctt ggg gcc 55 

Met Gin Arg Leu Gly Ala 
1 5 



Thr Leu fl* r** J* 9 9 ° 9 9Cg gCg gtC CCC ac * *cc ecc gcg 103 

Thr Leu Leu Cys Leu Leu Leu Ala Ala Ala Val Pro Thr Ala Pro Ala 

15 20 

ccc get ccg acg gcg acc teg get cca gtc aag ccc ggc ccg act etc 151 
Pro Ala Pro Thr Ala Thr Ser Ala Pro Val Lys Pro G^y Pro Ma Leu 
" 30 35 

age tac ccg cag gag gag gcc acc etc aat gag atg ttc cqc aaa att 1 qq 
Ser Tyr Pro Gin Glu Glu Ala Thr Leu Asn Glu Me? P^e Arg HI Vl 
q " 45 50 

111 rt 3 f g M tg 2? 9 9aC aCg Cag CaC aaa tfc 9 cgc age gcg gtg gaa 247 
Glu Glu Leu Met Glu Asp Thr Gin His Lys Leu Arg Ser Ala Vl Glu 

60 65 



70 



295 



gag atg gag gca gaa gaa get get get aaa oca tea tea a** aa 

Glu Mat Glu Aia Glu Glu Ala La Lys 111 Se r Ser Tlu Vl Asn 

75 80 85 

Lou lit T C " C a9 ° tat CaC aat ga ^ acc gac acg 34 3 

Leu Ala Asn Leu Pro Pro Ser Tyr His Asn Glu Thr Asn Thr Asp Thr 

90 95 ioo 

aac gtt gga aat aat acc ate cat gtg cac cga gaa att cac aag ata 391 



WO 00/52047 
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■2- 



Asn val Gly Asn Asn Thr lie His Val His Arg Glu lie His Lys He 

110 ii5 

ace aac aac cag act gga caa atg gtc ttt tea gag aca gtt ate aca 439 
Thr Asn Asn Gin Thr Gly Gin Met Val Phe Ser Ilu Thr Val lie Thr 

125 130 



tct gtg gga gac gaa gaa ggc aga agg age cac gag tgc ate ate aae 
Ser Val Gly Asp Giu Gly Arg Arg Ser His i! J£ £ £p 



487 



145 



150 



a a a a; a a a a a a 2 a a a a a 535 

155 160 



165 



a a a := a 2! a a a a a a s j- - E - 

175 180 

a a a a a ii2 a a a is a e a s « »? •» 



Ala Thr 2™ c 9C Mt " 9 a<=C 3t ° tgt gaC aac caa «W °ac tgc 679 

Ala Thr Arg Gly Ser Asn Gly Thr lie Cys Asp Asn Gin Arg Asp Cys 

205 210 

cag ccg ggg ctg tgc tgt gee ttc cag aga ggc ctg ctg ttc cct ata 727 
Gin Pro Gly Leu Cys Cys Ala Phe Gin Arg S y Leu Leu Pne Pro Val 
220 225 230 

a a a a a a a a a 2 a a a a a a 335 

235 240 245 

a a 2 a 2 a a a a 2 a a a a a 2 823 



255 



260 



gac cga tgc cct tgt gec agt ggc etc etc tgc cag ccc cac aac cac 

Arg g! Pr ° <* s Ala ^r Gly Leu Leu Cys Gin Pro His Ser His 
^b!) 270 



275 



a 2 a a a a a a a 2 a a a a a a 



871 



919 



290 



gat ggg gag ate ctg ctg ccc aga gag gtc ccc gat gag tat caa att 967 
Asp Gly Glu He Leu Leu Pro Arg Glu Val Pro Asp Glu Tyr Glu Va" 
300 305 310 

a a a a a a a a a a a a a a a a 1015 

315 32 0 325 

a 2 a a a a a a a a a a a a a a 1063 



335 3 4 o 
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-3- 



111 til til ITy HI £2 III III ta ^ tCt ^ a ccaggctgtg gg ta g a tgtg U17 
345 350 

caatagaaat agctaattta tttccccang tgtgtgcttt aagcgtgggc tgaccaggct 1177 

tcttcctaca tcttcttccc agtaagtttc ccctctggct tgacagcatg aggtgttgtg 1237 

catttgttca gctcccccag gctgttctcc aggcttcaca gtctggtgct tgggagagtc 1297 

aggcagggtt aaactgcagg agcagtttgc cacccctgtc cagattattg gctgctttgc 1357 

ctctaccagt tggcagacag ccgtttgttc tacatggctt tgataattgt ttgaggggag 1417 

gagatggaaa caatgtggag tctccctctg attggttttg gggaaatgtg gagaagagtg 1477 

ccctgctttg caaacatcaa cctggcaaaa atgcaacaaa tgaattttcc acgcagttct 1537 

ttccatgggc ataggtaagc tgtgccttca gctgttgcag atgaaatgtt ctgttcaccc 1597 

tgcattacat gtgtttattc atccagcagt gttgctcagc tcctacctct gtgccagggc 1657 

agcattttca tatccaagat caattccctc tctcagcaca gcctggggag ggggtcattg 1717 

ttctcctcgt ccatcaggga tttcagaggc tcagagactg caagctgctt gcccaagtca 1777 

cacagctagt gaagaccaga gcagtttcat ctggttgtga ctctaagctc agtgctctct 1837 

ccactacccc acaccagcct tggtgccacc aaaagtgctc cccaaaagga aggagaatgg 1897 

g atttttctt ttgaggcatg cacatctgga attaaggtca aactaattct cacatccctc 1957 

taaaagtaaa ctactgttag gaacagcagt gttctcacag tgtggggcag ccgtccttct 2017 

aatgaagaca atgatattga cactgtccct ctttggcagt tgcattagta actttgaaag 2077 

g tatatgact gagcgtagca tacaggttaa cctgcagaaa cagtacttag gtaattgtag 2137 

ggcgaggatt ataaatgaaa tttgcaaaat cacttagcag caactgaaga caattatcaa 2197 

ccacgtggag aaaatcaaac ccjagcagggc tgtgtgaaac atggttgtaa tatgcgactg 2257 

cgaacactga actctacgcc actccacaaa tgatgttttc aggtgtcatg gactgttgcc 2317 

accatgtatt catccagagt tcttaaagtt taaagttgca catgattgta taagcatgct 2377 

ttctttgagt tttaaattat gtataaacat aagttgcatt tagaaatcaa gcataaatca 2437 

cttcaactgc taaaaaaaaa aaaaaaaaaa aaaaaaaaaa aa 2 479 

<210> 2 
<211> 350 
<212> PRT 

<213> Homo sapiens 
<400> 2 

Met Gin Arg Leu Gly Ala Thr Leu Leu Cys Leu Leu Leu Ala Ala Ala 
5 10 15 
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-4- 

Val Pro Thr Ala Pro Ala Pro Ala Pro Thr Ala Thr Ser Ala Pro Val 
20 25 30 

Lys Pro Gly Pro Ala Leu Ser Tyr Pro Gin Glu Glu Ala Thr Leu Asn 
35 40 45 

Glu Met Phe Arg Glu Val Glu Glu Leu Met Glu Asp Thr Gin His Lys 
b0 55 60 

Leu Arg Ser Ala Val Glu Glu Met Glu Ala Glu Glu Ala Ala Ala Lys 
65 70 75 80 

Ala Ser Ser Glu Val Asn Leu Ala Asn Leu Pro Pro Ser Tyr His Asn 
85 90 ' 95 

Glu Thr Asn Thr Asp Thr Asn Val Gly Asn Asn Thr lie His Val His 
100 105 110 

Arg Glu He His Lys He Thr Asn Asn Gin Thr Gly Gin Met Val Phe 
115 120 12 5 " 

Ser Glu Thr Val He Thr Ser Val Gly Asp Glu Glu Gly Arg Arg Ser 
130 1 3 5 140 

His Glu Cys lie He Asp Glu Asp Cys Gly Pro Ser Met Tyr Cys Gin 
145 150 155 16 0 

Phe Ala Ser Phe Gin Tyr Thr Cys Gin Pro Cys Arg Gly Gin Arg Met 
165 170 175 

Leu Cys Thr Arg Asp Ser Glu Cys Cys Gly Asp Gin Leu Cys Val Trp 
180 185 190 

Gly His Cys Thr Lys Met Ala Thr Arg Gly Ser Asn Gly Thr He Cvs 
195 200 205 

Asp Asn Gin Arg Asp Cys Gin Pro Gly Leu Cys Cys Ala Phe Gin Arg 
210 215 220 

Gly Leu Leu Phe Pro Val Cys Thr Pro Leu Pro Val Glu Gly Glu Leu 
225 230 235 2 40 

Cys His Asp Pro Ala Ser Arg Leu Leu Asp Leu He Thr Trp Glu Leu 
245 250 255 

Glu Pro Asp Gly Ala Leu Asp Arg Cys Pro Cys Ala Ser Gly Leu Leu 
260 265 270 

Cys Gin Pro His Ser His Ser Leu Val Tyr Val Cys Lys Pro Thr Phe 
275 280 285 

Val Gly Ser Arg Asp Gin Asp Gly Glu He Leu Leu Pro Arg Glu Val 
290 295 300 

Pro Asp Glu Tyr Glu Val Gly Ser Phe Met Glu Glu Val Arg Gin Glu 
305 310 315 320 

Leu Glu Asp Leu Glu Arg Ser Leu Thr Glu Glu Met Ala Leu Arg Glu 
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325 330 335 

Pro Ala Ala Ala Ala Ala Ala Leu Leu Gly Arg Glu Glu lie 
340 3 *5 350 

<210> 3 

<211> 1050 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (1) . . (1050) 



a a is 2 is is s - a a a a a is is is < 8 

sir ss s is a is ss is a s is sis a is ss a 86 

20 25 30 

a a is ss a a ss - si a K a is ss ss ss 

• 35 4 0 45 

a k a is is ss is is s a is is s? is ss ss .« 



ttg cgc age gcg gtg gaa gag atg gag gca gaa gaa get act act aaa 
Leu Arg Set Ma Val Glu Glu Met Glu Ala Ii„ l lu S. ffi £ J£ 



240 



75 



80 



a a ss is si a ss is ss. a ss a ss a a is 289 

85 90 95 

a ss is ss a si is ss is s: is ss a ss ss ss - 

100 105 110 

a a a ss ss ;s ss is ss is ss is is a ?sr ss »• 

120 125 

a is ss s a ss ss a is is is is is a a a " 2 

a is ss s;s ss is a is ss is a ss a a a a «• 

155 160 

a is ss sss is ss ss a a ss a a a is is ss 528 
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ctc tgc acc egg gac agt gag tgc tgt gga gac cag ctg tgt gtc tgg 576 

Leu Cys Thr Arg Asp Ser Glu Cys Cys Gly Asp Gin Leu Cys Val Trp 
180 185 !9 0 



ggt cac tgc acc aaa atg gcc acc agg ggc age aat ggg acc ate tgt 
Gly His Cys Thr Lys Met Ala Thr Arg Gly Ser Asn Gly Thr He Cvs 
195 200 20S 

gac aac cag agg gac tgc cag ccg ggg ctg tgc tgt gcc ttc cag aga 
Asp Asn Gin Arg Asp Cys Gin Pro Gly Leu Cys Cys Ala Phe Gin Arg 
210 215 220 

ggc ctg ctg ttc cct gtg tgc aca ccc ctg ccc gtg gag ggc gag ctt 
Gly Leu Leu Phe Pro Val Cys Thr Pro Leu Pro Val Glu Gly Glu Leu 
225 230 235 240 

tgc cat gac ccc gcc age egg ctt ctg gac etc ate acc tgg gag eta 
Cys Hrs Asp Pro Ala Ser Arg Leu Leu Asp Leu lie Thr Trp Glu Leu 



245 250 



255 



gag cct gat gga gcc ttg gac cga tgc cct tgt gcc agt ggc etc etc 
Glu Pro Asp Gly Ala Leu Asp Arg Cys Pro Cys Ala Ser Gly Leu Leu 



624 



672 



720 



7 68 



816 



260 265 



270 



tgc cag ccc cac age cac age ctg gtg tat gtg tgc aag ccg acc ttc 864 
Cys Gin Pro His Ser His Ser Leu Val Tyr Val Cys Lys Pro Thr Phe 
275 280 285 

gtg ggg age cgt gac caa gat ggg gag ate ctg ctg ccc aga gag gtc 912 
Val Gly Ser Arg Asp Gin Asp Gly Glu lie Leu Leu Pro Arg Glu Val 
290 ^ 295 300 

ccc gat gag tat gaa gtt ggc age ttc atg gag gag gtg cgc cag gag 960 
Pro Asp Glu Tyr Glu Val Gly Ser Phe Met Glu Glu Val Arg Gin Glu 
305 310 



315 320 



1008 



ctg gag gac ctg gag agg age ctg act gaa gag atg gcg ctg agg gag 
Leu Glu Asp Leu Glu Arg Ser Leu Thr Glu Glu Met Ala Leu Arg Glu 
325 330 335 

cct gcg get gcc gcc get gca ctg ctg gga agg gaa gag att 1050 
Pro Ala Ala Ala Ala Ala Ala Leu Leu Gly Arg Glu Glu lie 
340 345 350 

<210> 4 

<211> 848 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (125) . . (796) 

<400> 4 

gaatteggea cgagagacga cgtgctgagc tgecagctta gtggaagctc tgctctgggt 60 
ggagagcagc ctegctttgg tgacgcacag tgctgggacc ctccaggagc cccgggattg 120 



217 



265 



313 



361 



0 
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- k S3 a a a a a 5 a a a a a a a - 

10 ls 

a a 2 a a a a a a a a a a <" -° 

2q P ne Asn Asn lie Arg Ser Ser Ala Asp 

25 30 
ctg cat ggg gcc egg aag g gc tea can t-r^ ^ „ 

Leu His Gly Ala Arg Lys Gly Ser Gin f 9 tCt gaC acg gac tgc 

^ y wy Ser Gin C ys Leu Ser Asp Thr Asp Cys 

q{J 45 

aat acc aga aaq ttc tar r-t-/- 

Asn Thr Arg Lys Phe Cys Leu Gin Pro Ara 2" ?f 9 " 9 = C9 ttC 

50 „ Pro Arg As P Glu Lys Pro Phe Cys 

" 60 

"* i - « « a a a a a a a a a a a 

^ys Pro G?y ?hr L^u Cys" vll Asn Asd Ef r 9 " 2? a ° 9 atg gaa gat 
80 g 5 aX Asn As P Val Cys Thr Thr Met Glu Asp 

90 95 

gca acc cca ata tta gaa ago caa ctt 

Ala Thr Pro He Leu Glu Arc fl 1 9 * 9 033 9at ggc aca cat 

100 9 Glu Gln ^p Gly Thr His 

105 110 
gca gaa gga aca act gqq cac cca m-o ^ 

«. «. «, J, Thr a a a a a a a a a a a 

120 125 

Lys 9 £ Se 9 r Lys' Lys £ ZV n a" l" !?' ^ ^ ™ 

130 Y ,„ Gly Arg L V S Gi y Gin Glu Gly Glu 

iJS 140 

a a a a a a a a a a a a a i « ■>« -« 

145 ys bly Pro G1 y Leu Cys Cys Ala Arg 

His' Pn"e Hi ?hr l" £ £ 9 ^ T Ctt 9 * 9 ^ ^ ^ 

160 y ^ yS Lys Pro Val L eu Leu Glu Gly Gin Val 

170 175 

s £ a a a a a a a a a a a a a a 

185 19Q 

5 5 a a a a a a a a a a a a a 

200 205 

==53:222: a sessssss 

215 220 
eta taaatatttc aaaataaaga agaatccaca ttgcaaaaaa aaaaaaaaaa aa 



457 



505 



553 



601 



649 



697 



745 
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<210> 5 

<211> 224 

<212> PRT 

<213> Homo sapiens 

<400> 5 

Met Val Ala Ala Val Leu Leu Gly Leu Ser Trp Leu Cys Ser Pro Leu 
1 5 10 15 

Gly Ala Leu Val Leu Asp Phe Asn Asn He Arg Ser Ser Ala Asp Leu 
20 25 30 

His Gly Ala Arg Lys Gly Ser Gin Cys Leu Ser Asp Thr Asp Cys Asn 
35 40 45 

Thr Arg Lys Phe Cys Leu Gin Pro Arg Asp Glu Lys Pro Phe Cys Ala 
50 55 60 

Thr Cys Arg Gly Leu Arg Arg Arg Cys Gin Arg Asp Ala Met Cys Cys 
65 70 75 ~ 80 

Pro Gly Thr Leu Cys Val Asn Asp Val Cys Thr Thr Met Glu Asp Ala 
85 90 95 

Thr Pro He Leu Glu Arg Gin Leu Asp Glu Gin Asp Gly Thr His Ala 
100 105 no 

Glu Gly Thr Thr Gly His Pro Val G.ln Glu Asn Gin Pro Lys Arg Lys 
H5 120 125 

Pro Ser He Lys Lys Ser Gin Gly Arg Lys Gly Gin Glu Gly Glu Ser 
130 135 140 

Cys Leu Arg Thr Phe Asp Cys Gly Pro Gly Leu Cys Cys Ala Arg His 
i45 150 155 ' 160 

Phe Trp Thr Lys He Cys Lys Pro Val Leu Leu Glu Gly Gin Val Cys 
165 170 175 

Ser Arg Arg Gly His Lys Asp Thr Ala Gin Ala Pro Glu He Phe Gin 



Arg Cys Asp Cys Gly Pro Gly Leu Leu Cys Arg Ser Gin Leu Thr Ser 

195 200 205 

Asn Arg Gin His Ala Arg Leu Arg Val Cys Gin Lys He Glu Lys Leu 
210 215 220 



<210> 6 

<211> 672 

<212> DNA 

<213> Homo sapiens 



180 



185 



190 



<220> 

<221> CDS 

<222> (1) . . (672) 
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<400> 6 

atg gtg gcg gcc gtc ctg ctg ggg ctg age tgg etc tgc tct ccc ctg 48 
Met Val Ala Ala Val Leu Leu Gly Leu Ser Trp Leu Cys Ser Pro Leu 

1 5 10 15 

gga get ctg gtc ctg gac ttc aac aac ate agg age tct get gac ctg 96 
Gly Ala Leu Val Leu Asp Phe Asn Asn He Arg Ser Ser Ala Asp Leu 

20 25 30 

cat ggg gcc egg aag ggc tea cag tgc ctg tct gac acg gac tgc aat 144 

His Gly Ala Arg Lys Gly Ser Gin Cys Leu Ser Asp Thr Asp Cys Asn 

35 40 45 

ace aga aag ttc tgc etc cag ccc cgc gat gag aag ccg ttc tgt get 192 

Thr Arg Lys Phe Cys Leu Gin Pro Arg Asp Glu Lys Pro Phe Cys Ala 

50 55 60 

aca tgt cgt ggg ttg egg agg agg tgc cag cga gat gcc atg tgc tgc 240 

Thr Cys Arg Gly Leu Arg Arg Arg Cys Gin Arg Asp Ala Met Cys Cys 

65 70 75 80 

cct ggg aca etc tgt gtg aac gat gtt tgt act acg atg gaa gat gca 288 

Pro Gly Thr Leu Cys Val Asn Asp Val Cys Thr Thr Met Glu Asp Ala 

85 90 95 

ace cca ata tta gaa agg cag ctt gat gag caa gat ggc aca cat gca 336 

Thr Pro 'lie Leu Glu Arg Gin Leu Asp Glu Gin Asp Gly Thr His Ala 

100 105 110 

gaa gga aca act ggg cac cca gtc cag gaa aac caa ccc aaa agg aag 384 

Glu Gly Thr Thr Gly His Pro Val Gin Glu Asn Gin Pro Lys Arg Lys 

115 120 125 

cca agt att aag aaa tea caa ggc agg aag gga caa gag gga gaa agt 432 

Pro Ser He Lys Lys Ser Gin Gly Arg Lys Gly Gin Glu Gly Glu Ser 

130 135 140 

tgt ctg aga act ttt gac tgt ggc cct gga ctt tgc tgt get cgt cat 480 

Cys Leu Arg Thr Phe Asp Cys Gly Pro Gly Leu Cys Cys Ala Arg His 

145 150 155 160 

ttt tgg acg aaa att tgt aag cca gtc ctt ttg gag gga cag gtc tgc 528 

Phe Trp Thr Lys He Cys Lys Pro Val Leu Leu Glu Gly Gin Val Cys 

165 170 175 

tec aga aga ggg cat aaa gac act get caa get cca gaa ate ttc cag 576 

Ser Arg Arg Gly His Lys Asp Thr Ala Gin Ala Pro Glu He Phe Gin 

180 185 190 

cgt tgc gac tgt ggc cct gga eta ctg tgt cga age caa ttg ace age 624 

Arg Cys Asp Cys Gly Pro Gly Leu Leu Cys Arg Ser Gin Leu Thr Ser 

195 200 205 



aat egg cag cat get cga tta aga gta tgc caa aaa ata gaa aag eta 
Asn Arg Gin His Ala Arg Leu Arg Val Cys Gin Lys He Glu Lys Leu 
210 215 * 220 
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<210> 7 
<211> 1536 
<212> DNA 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (109) . . (906) 



<400> 7 

gtcgacccac gcgtccgcgg acgcgtgggc ggcacggttt cgtgg ggacc caggcttgca 60 
aagtgacggt cattttctct ttctttctcc ctcttgagtc cttctgag atg atg get 117 



Met Met Ala 
1 



213 



261 



2 15 K H 15 S K S ST 52 S3 K £ S! H SI 

10 15 

a s a a s a a a 15 a 2 is a a a a 
si a a £ a a a a a a a a a a a a 

45 50 

a a 15 a a a 2 a sir a a a a a a a 3 ° 9 

55 60 65 

a a a a a a a a a a a a a a a a 357 

75 80 

a a a ss a a a a a a a a a a a a <° 5 

90 95 

a a a 25 25 a a a a a a a a a a a 453 
a a a a a a a a a a si? a a a 15 a - 

125 130 

a a a a a a a a a a a a a a a a 549 
a a a si a a a a a a a a a a a a - 

155 160 
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An isolated nucleic acid molecule ^ 

nucleotide (nt) sequence whirh ]f'J , 1 Compr7S1n 9 a 

a nt sequence of SEQ ID NO- i Vt 3t le ! st 60% homologous to 

the plasmid with A TCC Accession No °9 a Jc f , the DNA inse " of 

thereof; or b) comprising a T?eas?'™S? h °S a element 

sequences; or c) encodino I \Li ■ nts fro, n said nt 

acid (aa) 'sequenced ea'st a'SoKi'h^T'' 1 ' 51 " 0 an 
sequence of SEQ ID NO-2 or to tL nom ologous to the aa 
the insert of said plasmid or d) \nL? qUenCe encod ^ by 
least 15 contiguous^ Residues of ISfH a fra9ment of at 
encoding a naturally occurring a ]Lul aa . se( ? ue "ce; or e) 
polypeptide, wherein the nuclei r ir w° Vanant of sai d 
a nucleic acid molecule cSmprf ing HoX^ h **«»*es to 
DNA insert of said plasmid ..ndl". 9 J ™ 10 N0:1 or 3 or the 
isolated nucleic ac?d m ecule? f) 'ISS?"? conditions. An 
sequence of SEQ ID NO-I or 3 ^ L f^ 151 " 9 the n t 
Plasmid with ATCC Accession No DN V nsert of the 

polypeptide comprising the aa «n,«n 2; °* 9) enc oding a 
encoded by the DNA inier of safd ouL-m S ?, Q 10 H0:Z > or 
. cells. Isolated polypeptides £ii n SlSf n V d - v ? ct °". host 
nuc eic acid molecules (a c d So? 9 T -° sa1d isolated 
Antibodies. Methods far nrnw,.: ?,9) - f usi0n Proteins, 
detecting the TrltLltV/tt "dZ% ffi tlde M S ' Met "ods for 
detecting the presence of IVirt P°WP tld es. Methods for 
Methods for i dent i f vino ™ nuclei c acid molecules 

said PajWffi.\ ,f ^od?TyMS*V^ t0 ° r ^ulate 
said polypeptides. modulating the activity of 



2. Claims: 1-22 (all partially) 



^^S n w];7A^c^s C fo r n n \^ 9 . S ^ ID . N0:4 - 6 ' -d the 



3. Claims: 1-22 (all partially) 



4. Claims: 1-22 (a) , part1a „ y) 



5. Claims: 1-22 (an partially) 
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